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ABSTRACT

The Pre-Schooner II site was selected, from five areas investi-
gated, on the basis of refraction seismic surveying, core drilling,
and surface mapping in.extrusive igneous rock that generally models
the nearby Schooner site. Bedrock below about 5 feet of stony silt
consists of a 25-foot-thick layer of vitrophyre and vitrophyre brec-
cia over felsite‘that extends to a depth of at least 150 feet. These
two bedrock layers at the site have distinctly different physical
properties, the felsite being relatively less porous and stronger
in compression than the overlying vi@rophyre; The felsite is mas-
sive at depth, although highly fractured, but it becomes steeply
flow-layered in the upper portion. The flow layers continue across
a gradational zone into the overlying vitrophyre. The resultant
structure strikes about north 35 degrees east. The felsite is

conspicuously jointed, and the vitrophyre contains abundant

microscopic cracks.




PREFACE

The U. S. Army Engineer Nuclear Cratering Group (NCG) located
five prospective sites for the Pre-Schooner II cratering experiment
on the basis of published information and a field reconnaissance in
mid-February 1965. Geologic mapping, seismic traversing, and core
drilling programs were conducted in March 1965 by the U. S. Army
Engineer Waterways Experiment Station (WES) and the NCG. After an
evaluation of the results of these field programs, one area was Se-
lected as the test site by LTC W. J. Slazak and Mr. P. R. Fisher of
NCG. Subsequently, the site was explored by additional drilling and
geological mapping, continuing to mid-May 1965.

Geological mapping in the area was accomplished largely by
Mr. R. A. Paul of NCG. Personnel of the Soils Division, WES, were
responsible for the following work: (1) seismic traversing and core
drilling under the direction of Mr. G. M. Leese, Expedient Surfaces
Branch, and Mr. T. B. Goode, Embankment and Foundation Branch, re-
spectively, and (2) geological observations, logging of cores, and
borehole photography by Mr. R. W. Hunt and Dr. R. J. Iutton, Geology
Branch. Physical tests of cores and petrographic examinations were
performed at the Concrete Division, WES.

This report %as prepared by Dr. Lutton and Messrs. Hunt,

F. E. Girucky, and J. R. Curro, Jr., under the direction of




Messrs. W. J. Turnbull, A. A. Maxwell, J. R. Compton, W. C.
Sherman, Jr., R. F. Ballard, Jr., W. L. McInnis, and W. B.
Steinriede; ‘Jr.,-and Dr. C. R. Kolb,; all of the Soils Division,
WES. Appendix D is a slightly modified version of an unpublished
report by Mr. W. I. Luke, Concrete Division, WES.

Director of NCG during the conduct of this study and prep-
aration of this report was LTC Slazak, CE. Director of WES was

COL J. R. Oswalt, Jr., CE; Technical Director was Mr. J. B. Tiffany.
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement
metric units as follows.

used in this report can be converted to

Multiply By To Obtain

inches | 2.54 centimeters

feet 0.3048 meters

miles 1. 60931;# kilémetefs

cubic yards 0.764555 cubic ﬁeters

pounds 0.45359237 kilograms

tons 9Qf.185 kilograms

pounds per square inch ~ 0.070307 kilograms per square
: centimeter .

pounds per cubic foot 16.0185 kilograms per cubic

meter
feet per second O.30h8 meters per second
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CHAPTER I
INTRODUCTION
Project Pre=-Schooner II was a chemicalbexplosive singléééhargé
cratering experiment in hard, dry rhyolite rock executed by the U. S.
Army Engineer Nuclear Cratering Group (NCG) as a part of the joint
Atomic Energy Commission-Corps of Engineefs nuclear excavation re-
search program. Pre-Schooner II wa.s detonated on 30 Septembér 1965
at 1709'59.2" Mountain Standard Time on Bruneau Plateau, approximately
“bo milesl southwest of Bruneau, Idaho. The emplacement hole was at
the following coordinates: 'Longitude W115034'25.203", Latitude
Nh2°2h'02.9h3“ (Modified Idaho State Coordinate System--N267;639.53;
E5h7,783,li). The cavity, located at a depth of 71 feet,'contained
approximately 85.5 tons of nitromethane (CH3N02) at zero timg._ The
detonation resulted in a crater with an apparent radius of 95.2 feet,

an apparent depth of 60.7 feet, and an apparent volume of 24,780 y 3.

1.1 PURPOSE OF PROJECT
Project Pre-Schooner II, a high explosive cratering experiment,
was designed as a corollary experiment to the planned nuclear event,

Project Schooner. The results of this experiment will be utilized

1 A table of factors for converting British units of measurement to

metric units is presented on page 1l.




in designing Project Schooner and as data points in the continuing
investigation of the engineering prqperties pf,gxplqs;qnfproduced
craters. The rock media at the Pre-Schooner. IT site are essentially

the same as those at the Schooner site..

1.2 SCOPE OF REPORT

This repoff pfésehfs tﬁévresulﬁsfof;inVesﬁigéfibhs‘Of five
predetermined areas considered for the Pre-Schooner IT siﬁe:énd
the resultsbof'iﬂVestiéé£idﬁs‘6f:thé‘pféshdﬁ'COﬂdifion of the rock
media at the'seiedted’éite."éifé séiéétidh:iﬁvéstiéationé‘iﬁéluded
geological maﬁping”of the five areas énd\vﬁCinity;‘ééiémic surveying
at each of the five areas and the SchdbﬁéfVSite;¢éﬁd Ebntihﬁ6ﬁs cor-
ing of vertical boreholes at foﬁr‘ofhthe fiﬁéuéréaélérP}éShot'inVes—
tigations ofvﬁhéwsélectéa:Pré-Séhobnér‘iliSité iﬁélﬁaed thé'bdriné
and logging of 13 core holes, physical testing of represen%atiﬁe
cores, and continuous photographing of selected holes with a bore-

hole camera.

1.3 SITE SELECTION CRITERIA

The five prospective Pre-Schooner IT sites (Areas 1 through 5)
were chosen by NCG for investigation on the basis of the following
criteria: (1) proximity to the Schooner site, (2) rock similar to
that at the Schooner site, (3) minimum overburden, (L) reasonably
flat tbpography, and (5) topography favorable for scientific
photography .

13.




1.4 LOCATTION AND ACCESS

The ii‘{ir'é*f'aféas’féiamined lie on broad, semiarid terrain south
of'theﬁsﬁéie”RiVEr_Vélley‘in'eastefnvayhee County in south-central
Tdaho. This general area is known"as the Bruneeu Plateau. Access
to the site from each oflthe communities of Bruneaug Glenns Ferry,
and Buhl (Flgure l l) 1s by approx1mately 60 mlles of. paved graveled
and dlrt roads. .

The land 1s commonly leased from the Bureau of Land Management
by sheepmen and cattlemen for summer graz1ng _.The closest cultivated
land is nea; Grasmere, 13 mlles west of the site across the Bruneau

Rlver. Nearby dwelllngs, occupled at least ‘part of the year by

cattlemen, are‘found_at Wlnter Camp Ranch and Clover Flat.Ranch on

_East Fork Bruneau Rlver and at Indlan Hot Springs on West Fork

‘Bruneau Rlver.-yﬁwle

1k
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Figure 1.1 Map of south-central Idaho showing location and access
to the Pre-Schooner II site.
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CHAPTER 2

SEISMIC INVESTIGATIONS FOR SELECTION
OF PRE-SCHOONER II SITE

I . - K

Two surface- refractlon se1sm1e>traverses at rlght angles 0
each other were run at each of the five prospective Pre-Schooner II
81tes‘(Areas 1_through 5), and a single seismic traverse wastrun at
the Schoenerzéite. A description of the surface-refraction'eeismic
traverses. is presented in Table 2.1. Subsurface data Werezobtained

by means of continuously cored vertical borings located at the in-

tersections of seismic traverses at Areas 1, 2, 3, and L.

2.1 EQUIP&ENT AND PROCEDURES

The{eqnipment used for the. seisnic survey was e portable,
12-channel Century refractlon selsmograph equlpped w1th a dry
developlng recorder that glves a permanent record

Each selsmlcftraverse consisted of several,segnents beeense
the seiSmic cable was too short to cover the traverse with enly‘ o
one poeitioning. Geophone spacing varied (see Figure é.l), and
the segment lengths varied from 475 to 600'feet, depending on this
geophone epacing. There waé some overlapping of the segments on
each traverse, providing somevreversél data. However, geophone
spacing was not close enough to delineate the overburden

accﬁrately}
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Charges were detonated in holes at even—numbered stations
spaced at 200~ foof intervals along each selsmlc traverse at Areas
1 through 5. - The charge locations for the traverse at the Schooner
site were all at the east end of‘the liﬁe; Cherges eensiSfed of sev-
eral l/?spound sficks of;MO‘pereeﬁt'nitroglycerin dynemite; with
the number of sticks -depending upon the shot depth, length of single

segment, and anticipated subsurface material.

2.2 METHOD OF DATA REDUCTION

After the charge had been detonated and the response of the
geophones had been recorded the tlme 1ntervals requlred for the
compression wave to travel :from the shot point. to each_successive
geophone were determined from the records. With the distance from
the shot point to the first geophone and -the spacing of the suc-
cessive geophones known, time-distance curves were plotted (Fig-ir
ure 2.2). The reciprocal of the slope of the line indicates the
velocity of the wave through the particular medium. A change in
slope of the line indicates a change in velocity of the wave at
a given depth (Dl), which can be calculated by the following re-.

lation from Reference 1:

D 1 2 - l‘
1 2 Vé + Vl'




Where: X, = slope intersection distance . (in feet) (i.e. distance."
from origin along the ab501ssa to point at which the
slopes intersect) " "

V. = velocity (in feet per second) in the medium in which
the first slope was produced

v, = ve1001ty (1n feet per second) in the medium in which
' the: second slope was: produced ’ »

If a‘third velocity is ‘encountered; the relation for calculation’
(Reference'l)‘of‘the'second depthf(Dg)wfrom the surface is:
X vV, - o

+
2 V3 + V2

o

il
A\

wrl

InS

_ Where:v‘Xg"‘dlstance (in feet) from origin to p01nt at whlch
:  second charge in slope occurs '

: Vé’:,yelOC1ty-(in feet per second)-of the third medium
The velociﬁies and’depths'determined by this method can then be
‘represented,as;velocity‘prOfiles.

| On'mah&_of“the.time-distance plots, a delay wasfeﬁident in

the compressioﬁ weve arrival times from a particular interface.

This was Caused‘by a low-velocity material underlying & high-
‘velociﬁy meteriel; Therefore,'depthsuto interfaces below this
1ow-reloci£yimedium:could not be computed from the conventional-:
equations from Reference 1 because they would be erroneously large.

A procedure was utlllzed to prov1de a correctlon for the depths
computed from the standard equatlons (Reference 2). Seismic ve~
locities at Area 1 (Figure 2.3) were not affected by fhe low-velocity

material. However, the velocity profile for Line 2, Area 2, shown

18



in Figure 2.4, shows an example of a low-velocity zone underlying a
high-velocity zone, 2,700 to 3,000 ft/sec and h,oooﬂﬁo‘ “8‘,oc‘>o £t /sec,
respectively. The conventional calculations for the depth to the
third zone (12,500 ft/sec) give the apparent depth shown in Figure 2.L.
The corrected depth to the 12,000-ft/§ec zone was somewhat shallower.
In constructing the profiles of the seismic data from Areas 1
through 5, an arbitrary reference surface was used to eliminate or
minimize the large differences in elevgtion of each area. For each
area, all data were referenced to a selected horizontal plane called
the datum plane. Correcting all data to the datum plane gives a
true indication of the dip of the subsurface beds, and all depths to
the subsurface interfaces are referenced from the datum plane. To
obtain the depth from a particular point on the ground surface to
an interface, an addition or subtraction is made to the depth from
the datum plane to the interface. This addition or subtraction con-
sists of the depth from the point on the ground surface to the datum
plane. If the point on the ground surface is above the chosen daﬁum
plane, a true depth related to ground surface can be determined by

raising the elevation of the indicated interface a similar amount.

2.3 DATA ANALYSIS
The profiles of the seismic data are illustrated in Figures

2.3 through 2.7. Although the velocity changes shown on the

19




profilesﬂde not ﬁsually coiﬁcide'with'ehengee in reck ty@ee indi-
cated by thevborings,vthié siﬁuefieﬁ dees noﬁ neceSEarily indicefe‘

a lack of correlation. Veioeify chengee iﬁdieaﬁed b&.refracéien J
seismic data are dependent on the physical charaeteristics of the

media. Therefore, factors such as weatherlng and exten81ve frac-

turlng w1th1n a 31ngle rock type w1ll cause a ve1001ty change that
could maSk a lesser change between rock types. |

'The‘data recorded on Line 2 at Area 5 (Flgure 2.7) were col-

lected w1th some difficulty and are probably not very rellable

The velocities of the upper 8 to 10 feet of material at aill
sites ere.approximations based en the few data poiﬁts provided by
the rela+1vely long geophone spa01ngs and comparlson of the data

obtalned from the core samples.
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CHAPTER 3
GEOLOGICAL EVALUATION OF AREAS FOR SELECTION
-OF PRE~-SCHOONER II SITE

Geological examinations of five localities near the Schooner
site were made in conjunction with the seismic examination to
facilitate choosing the Pre~Schooner II site. Major types of bed-
rock recognized are felsite, vitrophyre and closely related breccia,
and basalt. About 5 feet of aeolian silt mixed with loose rock
blankets the bedrock.

Oldest rocks exposed in the vicinity are the Idavada volcanics
(Figure 3.1). The Bruneau 2 hole at the Schooner site (Reference 3)
penetrated almost 1,400 feet, consisting of mostly silicic volcanics,
of this unit without reaching older formations, and over 700 feet of
the Idavada is exposed in Bruneau Canyon 2 miles west of the Schooner
site. In spite of the fact that welded tuff has been emphasized
in descriptions of the Idavada volcanics (Reference 4), lavas pre-
vail in this area.

The rather simple picture of stratigraphy at each of the
possible sites becomes complex when attemfts are made to integrate
stratigraphy at all possible sites and at the Schooner site. The
difficulty involves explaining the great range in elevationA(6OO
feet) of the vitrophyre-felsite contact throughout the area. Sev-

eral possible explanations can be offered: (1) an ancient erosion
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surface, (2) cyclic repetition of the stratigraphic sequence, (3) re-
lief on an immense lava flow, (L) faulting, or (5) a combination of
one or more of the foregoing. Obsgpyations made during_thiszinvesti-

gation tend to support the third explanation above.

3.1 AREA D . - . s

ires 1 flanks a 1oy ridge of felsite that, extends from the
prominent felsite knob northwest of the Schooner site (Figure 3.1).
The distance from Bruneau 2 hole at the Schooner site to Hblénill |
at the center of Aves 1 is aBou£:§;de'féét;”°Floa£‘rock on' thé
ridge suggests that felsite undérlies the shallow silt cover ex- '
cept in aii area of vitrophyré about 300 feet in diameter just north-
Weéf o% Hole lfl:‘.Aszhé.haié;.féiéfﬁé'W%sﬁpénétraféd'ﬁéidwi%héﬁ
overburden, andJif"céhﬁinﬁbéjﬁifh'ﬁo:Ehangéﬁ%b thé'botféﬁ'deﬁﬁﬁ Of

133 feet. The féCKEiswéﬁf byﬁé’ﬁfbmiﬁeﬁfngétwof CIOééi§ spaéed'

L . .
Lo Sroy ol

jointé.”
| The seismic Velocities of the felsite incréase with depth

on Line 2'(ngﬁré52:3)'ff6m'1;3061ﬁ6%2;50d ft/éeéiiﬂ'the‘sﬁffacé
layer to 10,000 to i3;200Ifﬁ/%éc'in.thé'felsite'af 100 feet and
deeper. On Line 1, howeﬁe};'abdiééSnﬁihﬁoué”high-VéibéitY'zbne
may be'preséﬁﬁ"in the‘feisifé'3%1536Ut"a.ZO:fbét"dépﬁh.“'The eX-
istence of this zone ié{bpeﬂfté dﬁeéﬁibh‘aﬁ ndthihg:ﬁag‘seénjin
thércqré"from:NXﬁHble'lfl fo'éﬁgéésf its"éitensiéh‘ﬁhrbugh fheﬁ‘\'

KR

boring.
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Because the area lacks an extenslve layer of v1trophyre, it
offers a poor’ analog to the Sohooner 51te. For thls reason, 1t

was rejected by NCG as the test site.

3.2 AREA 2
* Area 2 was chosen by NCG as the Pre-Schoonex IT site? and:

detalled 1nformatlon concernlng the area is presented in Chapter h

3.3 ARFA 3 o o

ThlS area, Wthh l1es aboyt 5 800 feet southeast of Bruneau 2
hole, occupies a valley between rldges of felsite on the north and
south. The rocks encountened below 8 feet of silt overburden are'
v1trophyre, veS1cular v1trophyre, ang. v1trophyre brec01a to a depth
of 88 feet and fels1te from there to at least 15o feet, ‘

Selsmlc ve1001ty profiles and results of drilling are snown,
in Figure*E;S The nature of the seismic dlsqontanItleS is not
clear from rock cores. Due to the presence of a low-veloclty layer
from 30 to 60 feet (Boring NX 3.1), ‘the apparent velocity contour
computed to lie at 110 feet should be raised to 88 feet. In thus
correlates with the v1trophyre-f8151te contact

Area 3 was ellmlnated from conS1deratlon as the Pre-Schooner II_’
site because of the exoes51ve thlckness of vitrophyre and the pres-
ence of a major core-loss zone at a depth of 55 to 80 feet where ex-

cavation for explosive emplacement would be required.
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3.4 AREA L
Area 4 lies in the broad valley occupied by the Schooner site
2,000 feet to the northwest. Patches of vitrophyre breccia outcrop

in various places over an area at least 500 feet in diameter; and

in Hole 4.1, the breccia persists to a depth of 36 feet (Appendix A).

Glassy felsite continues from 36 feet to 52 feet where it grades
to felsite. The seismic discontinuities indicated on the two pro-
files (Figure 2.6) correlate approximately with the geologic con-
tacts. Thus, the velocity break at about 35 feet (Boring NX Lk.1)
correlates with the top of the felsite.

This area.was eliminated from further consideration as the Pre-
Schooner II site because it is too near the Schooner site, and it
has an excessive core-loss zone in the interval from 15 feet above
to 10 feet below the center of the emplacement cavity (55~ to 80-

foot depth).

3.5 AREA 5

Area 5 lies about 9,300 feet northwest of the Bruneau 2 hole
near the road from Winter Camp. Bedrock under about 5 feet of silt
is basalt. Only seismic exploration was undertaken at this site
since the site media do not. adequately model the media at the

Schooner site.
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Figure 3.1 Geological map of vicinity of Pre-Schooner II
-and Schooner sites.
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CHAPTER 4

GEOLOGICAL INVESTIGATIONS OF PRE-SCHOONER II SITE

Area 2 was selected as the Pre-Schooner II site by NCG for
several reasons: (1) amoﬁg the available areas, it presented the
best stratigraphic analog to the Schooner site; (2) rock at shot
depth was reasonably competent; (3) the site is readily accessible;
and (4) it is far enough from the Schooner site not to interfere
with possible Schooner construction activities. Hole 2.7 inter-

sected the intended zero point at this site.

4.1 TOPOGRAPHY

The selected site occupies a relatively flat area on an east-
west trending ridge approximately 7,600 feet southwest of the
Schooner site. The tops of low knobs of resistant felsite lie at
distances of 750 and 1,300 feet to the northeast and southwest,
respectively. The flat at the site slopes down about 2 percgnt
to the northwest. To the east, the flat ends at a relatively steep
slope of about 10 percent that drops 100 feet in elevation. Except

for this slope reversal, the topography at the Pre-~Schooner IT site

appears to model that at the Schooner site quite closely (Figure L4.1).

4.2 STRATIGRAPHY AND PETROGRAPHY

Cores from the 13 holes (Figure 4.2) drilled to explore the
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Pre-Schooner II site, supplemented by those of the previous holes
in other areas, allowed a detailed field classification of the rock.
Three general lithologic types were identified: felsite, vitrophyre,
and vitrophyre breccia. Gradational lithologic subtypes also recog-
nized in the field were lithoidal vitrophyre and glassy felsite.

In the discussion of physical properties (Chapter 5), both

vitrophyre and felsite are further divided by structural character=-

; istics into layered and homogeneous variants. A vesicular vitrophyre

is also recognized.

The laboratory petrographic analysis classified all the rock
types as porphyritic rhyolite vitrophyre on the basis of mineral-
ogic content and texture (Appendix D). However, because of the
distinet visual differences and differences in pPhysical properties,
the field nomenclature is retained.

A sequence of these lithologic types thought to be a single
flow at least 700 feet thick is revealed in the walls of Bruneau
Canyon 2 miles to the west.

At the site the felsite invariably underlies the other types,
but the breccia can be found above and/br below the vitrophyre.
Silt overburden O to 10 feet thick (Figure 4.3) blankets the site.

h,2.1 Vitrophyre. The typical vitrophyre contains 10 to

.20 percent euhedral to subhedral, oligoclase phenocrysts in a black

glass groundmass. The refractive index of a sample of the glass
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(Appendix D) indicates a high silica content in the range of rhyolite.
However, the bulk composition of the rock may fall in the range of
quartz latite. White powder that forms on the core after wetting
and drying suggests that alkali or alkaline earth components are
easily leached from the glass by water.

Perlitic cracks are recognized on oxidized joint surfaces and
in thin sections from their closely spaced, curved traces. The
vitrophyre is commonly colored red adjacent to joints and vesicles,
presumably by oxidation of the iron. Bulk dry specific gravities
of samples of massive vitrophyre that are relatively low in vesi-
cles range from 2.34 to 2.40.

The vitrophyre and closely related vitrophyre breccia are
complexly interlayered in a bed that varies greatly in thickness
(Figure 4.4) but averages about 25 feet. A 6-foot-deep hole at
Station 8+00 on Seismic Line 2 intersected rock that was clas-
sified as felsite. The high intercept of felsite along with
relatively thin sections of vitrophyre and breccia at Borings
2.7, 2.10, and 2.12 suggests that the layer of glassy rocks is
particularly thin Jjust northwest of surface ground zero.

Compressional wave velocities in.vitrophyre apparently range
from about 4,000 to 8,000 ft/sec (Figure 2.4).

4,2.2 Felsite. Typical felsite is composed of 10 to 20

percent euhedral to subhedral oligoclase phenocrysts in a
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cryptocrystalline groundmass {Appendix D). The color varies From.
brown to green but 1§ mostly gray. A few vesieles concentrated in
flow layers can be distinguished, especially near the change to =
overlying vitrophyre. Massive felsite has a bulk dry specific
gravity of about 2.37 to 2.40. Most holes bottomed in felsite. .

According to the seismic velocity profiles shown in Figure 2.4
the felsite appears to have a compressive wave velocity of 8,000 to.
more than 12,500 ft/sec.

4.2.3 Vitrophyre Breccia. Although its mineralogical composi-

tion is essentially the same as that of vitrophyre, the vitrophyre
breccia is physically a distinct rock type. It isg composed of
fragments of vitrophyre varying from sand to block size. The rock
has higher porosity than the other rock at the site, as evidenced

by lower bulk dry specific gravity (2.20), but partial welding and
cementation by secondary minerals:restore a measure of competence.
Much of the rock seen in outcrops is composed of blocks of vitrophyre
several feet across with intervening red granular zones. This mate-
rial appears to be a transition to homogeneous vitrophyre.

Typical breccia from the cores consists of about 50 percent of.
fragments more than 1 inch across of black vitrophyre in a-pink
matrix of glass shards that are mostly less than l/ﬁ inch aeross.

The prominent layer of low-vélocity material}(E;?OO to . 3,000

ft/sec) extending across the -site <(Figure 2.4) at about a 50-Ffoot
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depth is most likely composed of vitrophyre breccia, possibly inter-
layered with vitrophyre.

4.2.4 TIntermediate Rocks. Transitional rock types are recog-

nized between vitrophyre and felsite and between vitrophyre and
vitrophyre breccia on the basis of field observations and strati--
graphic position.

4,2.4.1 Lithoidal Vitrophyre and Glassy Felsite. Two in-

termediate rocks distinguished in the core logs (Appendix A) are li-
thoidal viﬁrophyre and glassy felsite. The petrographic examination
of a sample of lifhoidal Vitrophyre from Hole 2.1 reveals characteris-
tics of both the vitrophyre andvfelsite (Appendix D). The dis-
tinctibn’between lithoida; vitrophyre and glassy felsite is subtle.
Both typés resemble the félsite‘bﬁt are more glassy. The bulk dry
specific gravity of 2.38 of a‘sample of lithoidal vitrophyre is

quite close to the specific gravities of felsite and vitrophyre.

h.,2,4.2 Vesicular Vitrophyre. This subtype differs from
the vitrophyre described above by the presence of 15 percent or
more of vesicles and by its distinctly different physical prop-

erties. The bulk dry specific gravity of a sample is 2.08.

4.3 STRUCTURAL GEOLOGY
Planar and linear flow structures are evident in all rocks.

Fractures with orientations geometrically related to the planar
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flow structure are exceedingly abundant, particularly in the
felsite.

4.3.1 Flow Structures. Primary flow structures in the form

of continuous flow layers and flattened and lineated vesicles are
developed extensively, particularly in the lithoidal vitrophyre
and glassy felsite. Iayers of massive vitrophyre commonly alter-
nate with layers of less g%assy types or with vesicular layers.

In felsite, the flow structure may be manifested as parallel len-
ticular crystalline patches dispersed in a finer grained groundmass.
The logs of borings presented in Appendix A reveal that flow layers
dipped at angles greater than 45 degrees in most of the vitrophyre,
lithoidal vitrophyre, and glassy felsite. This layering is repre=-
sented schematically in cross sections in Figure 4.5. The layers,
followed downward into the felsite, flattened gradually and became

quite faint. OSteep flow layers are characteristic of the tops of

&

most rhyolitic lavas elsewhere.

Three of the several masses of vitrophyre outcropping near
the site exhibited flow layers, and others had questionable struc-
ture. These appeared to have a preferred strike to the north or
northeast. This structure was subsequently.verified by data ob-
tained in mapping the walls of the emplacement calyx hole (Appen-
dix B). In the interval between 28 to 35 feet a prominent layer

of vitrophyre in felsite strikes N35E and dips about 758E. Such

Lo




flow structure imparts an anisotropy to the site media.

4.3.2 Joints and Fracturing. The felsite and related vari-

ants were highly jointed. Segments of core over 6 inches long
were rare, and many of théée were‘crossed by a few incipient
joints. Ends of core that appeéred at first to be drill breaks
usually Wére found on close inspection to be joints along which
there had been littlé or‘né separation. The vitrophyre and vitro-
phyre breccia are finely‘divided by incipient perlitic fractures.
Red coloration along many joints is probably due to oxidation
of iron during the cooling of the lava. ILocally highly fractured
pockets or zones were observed in the felsite. Two such pockets,
each several feet in diaméter, were present in the aédess calyx
nole (Appendix B) and emplacement cavity. Very highly fractured
rocks generally provided péof‘COfe recovery. Cores recovered from
these zones tended to be very weak in épite of an appearance of
competence. bFor example, cores from 188 feet in Hole 2.12 and 30
feet 'in Hole 2.7 can bé broken to l/?—inch or smaller fragments
along incipient fractures by light taps of a prospector's pick.
Where a flow structure was evident, it was seen to have in-
fluenced the fracture pattern. Usually a single, well-developed
set of joints dominating in any domain tended to be oriented paral-
lel or perpendicular to the planar flow structure. Spacing of in-

cipient fractures in the felsite was commonly about 2 inches, and
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platy fragments typify nearby outcrops. The perlitic incipient N
fractures in vitrophyre isclated grains‘about‘l/B'inch in

diameter.

4.3.3 Major Fraqture zones. Somg major fracturing with”
possible shear offset was suspected in the zone of brecciated;_
felsite encountered between 82 and iQ2 feet in Hole 2.12. The
open spaces within this breccia had been partially lined witﬁ |
fine-grained»calcite, and the breccia had the appearance éf a
veinlike tabular mass that dips about 80‘degrees. ‘A vein width
of 3 feet was inferred from the inﬁerval along the obliquely
intersecting‘drill hole.

A second breccia zone, not recognized in the limited amounf_
of core, was detected in photographs at 75 through 85 feet in |
Hole 2.1. Here a white matrix, proba@l&_of Qalcite; éonstituted_
about 50 percent of the rock. volume. At:the present time, it
seems best to regard these brecciated zones as two of many that
cut the site media rather than to_regard them»as twq intercepts
of the same brecciated zone.

The major fractﬁre mappedhin the calyx hole (Appendix B)
between 24 and 42 feet had a strike of N55W and dip of 7ON. It
- was thus a cross joint oriented about normal to the steep flowv

layering.
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L.L  GROUNDWATER

In exploratory borings Bruneau 1 and 2, which were drilled
for the planned Schooner event, water was encountered at about
a 1,000-foot depth. In Bruneau 2, the water is confined to a
fractured portion of the Idavada felsite by overlying massive
felsite; when this felsite was penetrated, the water rose in the
drill hole to about 885 feet below ground surface. The pie-
zometric surface, on the basis of these two holes and elevations
on the West Fork Bruneau River, is inclined north-northwest at
about 25 feet per mile; when projected, it should lie at about
3,580 feet mean sea level, i.e. deeper than 1,000 feet at the

Pre~Schooner II site.
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CHAPTER 5

PHYSICAL PROPERTIES OF BEDROCK AT PRE-SCHOONER II SITE

Thirteen core samples from borings at the Pre-Schooner II site
(Area 2) were subjected to detailed examination and physical testing.
Representative samples from each of the major types of rock encoun-
tered were examined petrographically; Appendix D gives the results
of the petrographic examination in detail. A sketch and a descrip-

tion of each core sample tested are presented in Appendix C.

5.1 SAMPLE DESCRIPTION

The laboratory examinations indicated that the mineralogical
composition of the bedrock at the Pre-Schooner II site is generally
the same at all depths, being primarily megascopic oligoclase and
a few small corroded quartz and ferroan mineral phenocrysts in a
rhyolitic, glassy to cryptocrystalline groundmass.

The detailed laﬁoratory examination of the 13 core samples
disclosed that all contained feldspar phenocrysts with meximum
dimensions of approximately 1/64 to 3/8 inch. This examination also
indicated that these samples could be initially divided into three
general groups of bedrock, those representative of felsite, vitro-
phyre breccia, and vitrophyre, |

.The 13 core samples included all varieties of bedrock encoun-

tered at the site as follows: two samples of massive vitrophyre,
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one sample of lithoidal vitrophyre, one sample of vesicular vitro-
phyre, two samples of layered vitrophyre, two samples of vitrophyre
breccia, one sample of glassy felsite, three samples of layered fel-

site, and two samples of massive felsite.

5.2 PHYSICAL TESTS

‘The following physical properties were determined for 12 of the
13 samples teéted in the laboratory: bulk specific gravity (Gm)
undér safurated, surface dry (SSD) conditions; bulk dry specific
gravity (GO)'and corresponding density; specific gravity of solids
(Gs) and corresponding density; porosity; static unconfined compres-
sive strength; modulus of elasticity; and Poisson's ratio. The
formulas used for determining the specific gravity are presented
in detail in Appendix C. The results of the physical tests are
given in Table 5.1.

2.2.1 Specific Gravity. The results of the specific gravity

determinations and the corresponding density values are'shown in
Table 5.1. Density values were obtained by multiplying the re-
spective bulk specific gravity values, 58D and dry, by the unit
weight of water,

Surface openings were noted in the samples of vesicular vitro-
phyre and vitrophyre breccia (see sample descriptions, Appendix C),

Since water was not retained in the larger of these surface voids,
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the saturated, surface dry weight in air was slightly less than if
all the voids were filled. Consequently, the bulk specifié gravity
(SSD) and corresponding density values shown in Table 5.1 are
slightly higher than their true values.

Bulk specific gravities (SSD) (Gm) ranged from 2,46 to 2,36 for
the felsites and from 2.45 to 2.15 for the vitrophyres. Correspond-
ing densities ranged from 154 to 147 pef for the féléites and 153 to
134 pef for the vitrophyres.

| The bulk dry specific gravities (GO) were slightly lower than
the bulk specific gravities (SSD). Ranges indicated in Table 5.1
anci Figure 5.1 are 2.40 to 2.26 for the felsites and 2,40 to 2,08
for the vitrophyres. Corresponding densities ranged from 150 to 141
pef for the felsites and from 150 to 130 pef for the vitrophyres.
The massive vitrophyres and massive felsites had the highest bulk
dry specifié gravities, which averaged about 2.ko.

The‘specific gravity of solids (GS) ranged from 2.56 for a
massive felsite to 2.40 for vitrophyre breccia. The values of spe-
cific gravity of solids for the massive vitrophyres and massive fel-
sites averaged 2.46 and 2,55, respeétively. Values determined for
lithoidal vitrophyre, glassy felsite; and layered felsite are
between these averages, and values determined for vesicular
vitrophyre and vitrophyre breccia are less. The values of

specific gravity normally reported for vitrophyre and felsite
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ranged from 2.65 to 2,40 (Reference 5).

5.2.2 Porosity. The porosity determined for each sample shown

in Table 5.1 was calculated from the specific gravity of solids (Gs)
and bulk dry specific gravity (GO) according to the following
formula:
G
Porosity (%) = 100 <l - 69-)
s
The porosity ranged from 14,4 percent for a vesicular vitro-
phyre to 1.6 percent for a massive vitrophyre (Figure 5.1). Average
pordsity values were 3.8 percent for the massive vitrophyre and 6.0
percent for the massive felsite. The porosity of all other
varieties of vitrophyre and felsite was either equal to or higher
than these averages.

5.2,3 Compressive Strength. The compressive strength for each

ofi the 12 samples was determined by a static unconfined compression
test. Procedures are described 1n Appendix C.

The results of sﬁatic unconfined compression tests shown in
Table 5.1 ranged from 21,940 to 5,970 psi for the varieties of
felsites‘and from 9,010 to 3,090 psi for the varieties of vitro-
phyres. DPlots of compressive strength with depth are shown in
Figure 5.1 in relation to the predominant rock types. Too few tests
were conducted to establish conclusively a relation between the

specific gravity and unconfined compressive strength of the bedrock;
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however, a relation between bulk dry specific gravity and unconfined

compressive strength is suspected.

5.2.4 Modulus of Elasticity., Stress-strain curves for each of

the 12 unconfined compression tests are given in Appendix C. A
secant modulus of elasticity was obtained from each of the stress-
strain curves by drawing a line through the origin to the approxi-v
mate midpoint of the stress-strain curve, i.e. at a stress value of
approximately one-half the ultimate sample strength. Values thus
obtained are given in Table 5.1,

The modulus of elasticity wvalues range from a maximum of
5.77 X 106 psi for massive vitrophyre to 0.84 X 106 psi for lithoidal
vitrophyre (Figure 5.1). Respective maximum and minimum modulus of
elasticity values for felsite are 4.9k X 106 psi (for a layered
felsite) and 1.20 X 106 psi (for a glassy felsite). The massive
felsites and massive vitrophyres average L4.6L4 x 106 and 4.4 x 106
psi, respectively. All other varieties of material have lower
average modulus values,

5.2.5 Poisson's Ratio., The values of Poisson's ratio shown

in Table 5.1 range between 0.25 and 0,10 for the vitrophyres and
between 0.21 and 0.15 for the felsites. The averages of reliable
Poisson's ratios for vitrophyre and felsite samples are 0.19 and

0.18, respectively.
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5.3 GENERALIZED CONDITIONS

Two layers of bedrock are conspicuous at the Pre-Schooner II
site on the basis of the physical properties. These layers corre-
spond to the two distinguished in the field on the basis of mega-
scopic characteristics, i.e. an upper layer of vitrophyre, vitro-
phyre breccia, and glassy felsite over a more crystalline felsite
layer within which the explosives cavity was located. Variations
of physical properties with depth are shown in Figure 5.1,

In Hole 2.7 (ground zero) the upper bedrock layer consisted of
about 4 feet of vitrophyre, 15 feet of vitrophyre breccia, and
14 feet of glassy felsite, all underlying 7 feet .of overburden.

'5.3.1 Upper Bedrock, "Eight samplés were tested from the upper

bedrock layer, These samples had the following average physical
properties: bulk specific gravity (SSb), 2.3&; bulk dry specific
gravity, 2.28; specific gravity.of solids, 2.46; porosity, 7.4 .
percent; unconfined compressive strength, 5,860 psi; modulus of
elasticity, 2.60 X lO6 psi; and Poisson's ratio,. 0.20. Compressional
wave velocities measured in the field (see Chapter 2) ranged from
2,000 to 8,000 ft/sec.

.5.3.2 Lower Bedrock. - The properties of the felsite of the

lower bedrock contrast with those of the overlying layer., Five
samples revealed the following average values: bulk specific

gravity (SSD), 2.4k4; bulk dry specific gravity, 2.38; specific
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gravity of solids, 2.5h; porosity, 6.0 percent; unconfined compres-
sive strength, 16,610 psi; modulus of elasticity, 4.1 X 106 psi; and
Poisson's ratio, 0,18. Compressional wave velocities from seismic

work were from 8,000 to more than 12,500 ft/sec (see Chapter 2).
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CHAPTER 6 Loy

Project Pre-Schooner Ii;'a’high-explésiﬁe’éféﬁéfi§g7ekpéiimént,
was conducted in a new rock.medium and is the next-step>in‘a oon;
tinuing program of study of englneerlné characterlstlcs of craters
by the Corps of Engineers. ‘The site was chosen w1th the help of
refraction seismic surveys, core borlngs,.and geologlcal,examlna-'
tions. It geometrically models, reasonably well,. the oontrastlng

rock types ant1c1pated at the nearby s1te for Progect Schooner a
} i £ J'. .

f

planned nuclear event.

Core borings at the Pre-Schooner Ii site'revéale& a blanket;i'
averaging about 25 feet thick of mixed v1trophyre and v1trophyre
breccia between an overburden of stony 31lt above and ﬁels1te below.
Gradational intermediate lithologic subtypes separate the three Qw
principal lithologic types of bedrock. Felsite is belleved to
continue well below the explored 150-foot depth. . |

Physical testing of samples bore out thé twofold division of
strata. The v1trophyre and v1trophyre breccla plus about l5 feet
of conspicuously glassy felsite at the top of the fe131te layer are
typified by relatively high poros1t1es, low compressive strengths,
and low moduli of elasticity compared}toithemdeeper felsite.

The selected site was found to have two notabie“variances from

simplest geometry. First, the thickness of the upper layer composed
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of vitrophyre and vitrophyre breccia varied in a complicated manner,
and one particularly thin area was located within 30 feet of surface
ground zero, Second, the vitrophyre and the intermediate rock type,
glassy felsite, have a flow layering that usually cuts obliquely
across the units at a steep dip. The steep flow layers strike north
to northeast. = This planar element imparted to the upper media an
anisotropy, which in turn influenced joints that formed subsequently.
Joints tend to be parallel and perpendicular to flow layers. The
frequency of natural fractures per foot encountered in the vertical
holes for all rocks ranged from 1 to 10 for felsite to hundreds of

incipient perlitic fractures for vitrophyre.
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FPROJECT PRE-SCHOONER II

PROJECT PRE-SCEOONER IT

BORING NO.: 1.1

BORING NO.: 1.1 {Continued}

Cocation (IDARD STATE coomomATES:

¥ 274,030 E 550,360

LOCATION (NEVADA STATE COOROINATES}:

ANGLE OF BORING: Vertical

TYPE OF BORING:

NX Diamond

ANGLE OF BORING:

TYPE OF BORING:

BEARING:

DRILLING AGENCY:

MES

BEARING:

ORILLING AGENCY:

EL TOP OF HOLE: BU26 £t MSL

DEPTH TO WATER TABLE:

estimate 1000 ft

EL TOP OF HOLE:

DEPTH TO WATER TABLE:

ToTAL DEPTH: 133.k Tt

HOLE STARTED:

8 April 1965

TOTAL DEPTH:

HOLE STARTED:

TOTAL CORE RECOVERY:

T1% _(rock only)

HOLE COMPLETED

12 April 1955

TOTAL CORE RECOVERY:

HOLE COMPLETED

{Continued)

Figure A,1. Log of Core Boring 1.1,

6L

4 OINT DATA % | JOINT DATA
R s oescaipTION cone TP ol i oESCRIPTION core |
RECOV. | pr e RECOV. | "oy B
| bh2s | [ 4326 1,00
" —
SARDY SILT (0 to 3.6 £%) i /1 rEisTIE (as above)
tan, with fragments felsite ! /} —=
42,5 Top of rack 1
\~"| 87 to 19 1, core bresks
5 FELSTIE (3.6 to 50.5 %) ‘ 105 1N\ ] | persllel to domtnate joint
glassy?, dark gray to black, ) set suggesting control by
porphyritic, hard; 5 to 104 /\ / 1“‘1;::1"“;1“‘15"‘“71’)': 102 to 11§ ft, subparallel
feldspar euhedra, 3/32 in. \— probably flow layers. Joints, spaced 1-1/2 in.
across; flow structure / dp 60 deg.
indistinet except at 17 and =
10 42 £t; joints smooth, with k to 50 ft,core segments o 17 !
staining and some yellow 1 to 3 in. long, steep L
clay or gel. dips dominate O to 27 ft, }\
gentle ddps 27 to 50 ft. - /
N
15 115 1|
faing flow layers dip 55 degs NS
\\/
N
N
2° Al
¥ 119 to 133.4 £, subparaile]
k6 it Y Joints spaced 1/2 to 2 in.,
H 1 \ dip 20 to 30 deg.
E 15 471y
N
)\)
\ <
30 130 Y /| orange c1a 1
7 Note: core breaks are mostly <\ ge clay or gel on joints
soooth,natural joints that sppear A | o bottom.
to have been tight in situ. \I —
4292.6 [133.4 i
Bottom of hole
35
R /)
\/ 41.9 to ¥3.0 £t, 5 to 10% small,
' flattened vesicles dip 60 deg.
. LECEND
) \, - LITHOLOGY DEGREE OF ERACTURING
us5 ,\ f
A Fraguents average 1 in. or range
] ' orange clay or gel on Joint, i1t and Rock Fragments less than 1 1n. to 2 fn.
-
uizs. 5| ¢ I
Al
! FELS 0. )
[ | EBLSEE (505 £ o botten) Core segnents or fragents average
= greenish grey, microcrystalline, Vitrophyre Brecels 2 in. or range L in. to 6 1
— /\| porphvritic; 5 to 15% feldspar
55 4 /l 1| eunedra, 3/32 in. across;
— flow structure indistinct.
i
N l/ 30  Points of intersection of
Y 4 Vitrophyre, vesicular 20 individual Joints with
il 45 dip as indicated.
60 4/1)
i 50 to 80 ft,core seguents
i 2 to 6 in. mostly isolated|
N
) by joints. Vitrophyre
-\
85 1 T
Felsite, glassy
I;/ Felsite
\/
| —
80 to 87 ft,core segments
1 to & in long.
/ 7 87 to 96 ft, subparallel
T Joints spaced 1 in,,
VA 100 &ip 70 deg. !
ey
V3
= 100
%5 4 /\ 1
i/
/ 100 9 to 102 £, subparallel
1] \ Joints spaced 1/2 to 2 in,)
{ \ dip b5 deg.
ol 1 L




2 11
BORING NO.: 2.0
LocaTion (LU0 STATE COORDINATES) e, el E oil 512
ANGLE OF BORING: Verticsl YYPE OF BORING. - by 5-1/2 ia. Diamond
BEARING DRILLING AGENEY: VES
EL TOP OF HOLE: u627,3 Tt MIL OERTH YO WATER TABLE:  cotimate 1000 £t
TOTAL DEPTH: L9.5 £t HOLE STARTED: 17 spril 1955
TOTAL CORE RECOVERY: 52 (rock only) HOLE COMPLETED 20 spril 1955
o - JOLIT IAT:
L iy R oescaiPTIoN coRe [
HECCT | py or
4627.3 o
¥ SIIT (0 to 3.2 ft) ot L,
T 3 x
tan, wita frasments felsite. cored
4623.5
5 _'__f\ Top of rock “3 9 5
ald 5 r,%0 botto) »
j/ 100 H L0
—1] gray with foint, brown flov
i Inyers, porshyritie, hard; 100 .0
5 to 107 fcldspar eunedra T 20
3/32 in. mcross; ealcite 5
comon on Jolats; Jjoints P
smooth and usually parallel 5
to flov layers. S 0
5 to 1k ft,flov layers dip 40 des. §g
100t 7
1 to 17 ft,flow layers suirl. B ,‘g
17 to 19 £t,flov layers dip |_A 50
50 dege =
] 10
20 = /l 19 to 23 ft,flos luyrrs 4ip 50
<
/| 15 dese 50
I = 70
N 75
N ';z;
- H 3
25 7 L 1 o _\\ ()
/S| 23 to 30 £, 110w Layers atp = 50
ot 30 deg. — s
—/\
7 =| 10
Iy = 0
! o o
0 {1\ = 90
* Ny 30 to 35 f£t,flov layers dip F A4
20 deg. H 60
>IT o0 | 30
/\\ 31 to 35 It,core segments
NER k£l 1 to & 1n.
5 4D o
~ sl 35t t9 ft,faint flow layers e = 20
\J.Z| aip 0 to 10 aeg; subparallel 70
__]\ to joints at 26 and 48 ft. 30
\l/\ gg
b\ 25
N 85
/\ 20
N 30
/< 50
50
551 // \\_ 90
\//\\ 43 to 29 Tt,core segments
A4 — 1 to in.
A 1
85
457181 b9.5| A - | o]

Bottom of hole

Figure A.2 Log of Core Boring 2.0.
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LITHOLOGX

Silt and Rock Fragments

2 Vitrophyre Breccls

Felsite, glassy

7=
v

1| Fesite

DECREE OF PRACTURTHG

Fragments average 1 in. or range
less than 1 in. to 2 in.

Core segments or fragnents aversge
2 in. or range 1 in. to 6 in.

36  Points of intersection of
20 individusl joints with
45  dip es indicated.




(Contirued)

PROJECT PRE-SCHOOWER II PROJECT PRE-SCHOONER IT
BORING NO.: a1 BORING NO. 21 ( \
LOCATION (IDAHO STATE COORDINATES): N 267,641.8 E 5u7,524.5 LOCATION (NEVADA STATE COORDINATES):
'ANGLE OF BORING: Vertical TvPE OF BORING: WX Diamond ANGLE OF BORING: TYRE OF BORING:
QEARING: ORILLING AGENCY. WES GEARING DRILLING AGENCY
EL TOP OF HOLE: 4622.6 £t MSL DEPTH TO WATER TABLE: ogtimate 1000 £t EL TOP OF HOLE: GEPTR TO WATER TABLE
ToTAL DERTH; 150.0 £t HOLE STARTEO: 13 April 196 T0TAL DEPTH, HOLE STARTED.
TOTAL CORE RECOVERY: 634 (rock only) HOLE COMPLETED 16 April 1965 TOTAL CORE RECOVERY: HOLE COMPLETED
- P }
" JOINT DATA g JOLW DATX
eL |oerrH] e [oerrn
L ity s bESCRIPTION comE [ — [ ity R oEscRIPTION cone [ —
RECOV. | "y = RECoV.| 1Y e
4622.6 o 452261 00
SANDY SIET (0 to 7.8 ft) FELSITE (as above)
tan, with fragments of 100
vitrophyre. not
s | |eored 105 1157 )
16148 Fop of rock
VETROPHYRE (7.8 to 8.0 £t) ] A
10 _—— g 2& 10 —\//// {100 85.0 to 150.0 ft, core
black, moderately hard; 10 to /\ A segments averaging
15% feldspar euhedra 3/32 in. Pl 2 in. isolated by sub-
erosss red oxide coating 71 S horizontal joints spaced
smooth Joints. 15% vesicles 17 Jess than 1/2 in. to
in interval 8 to 13 ft, 1/16 " \,I/ 2 in.
15 to 1/8 in, red flow layers at o2 us 1Y
26 to 28 ft, spaced 1/k in. N
and dip 45 deg, lithoidal at 8 to 49.8 ft, core «7 100
26 to 28 ft. segments range 1 to 8 in. = LN
mostly less than 3 in. N
N
20 1,53 120 1735 q H
b H
A_ 11 H
NS H
-1, H
25 oo 125 14 I 4 H
\ ,’ o 8 fH
" e — Pl
45956 ;ZJ s\
P T/
3 VITROPHYRE (28.0 to L9.8 £t) | (4 130 _‘/\/ ]
vesicular, black with red oxi- ,II\
dation around vesicles; 25% [B)
flattened vesicles 1/L in. long, L = H
dip 7O to 90 deg; 10% feldspar 71 2
euhedra 3/32 in. across. N i
35 % B WRY % f
Sy £
. % rf\-
-1
L
L0 mo 44y
aAYs
7
lost all air at k2 rt; N 5
) arouted to 67.4 ft. i\/ \ 9
55 55 rezained air return 5 42 ; B
affer grouting. A
flow layers aip 90 deg. 'y
i 12351
1572.8 50 | S wrehiso |v!A AT
FELSITE (9.5 to £0.€ ft) 9.8 to 60.5 £t, non- Bottom of hole
systematic, incipient
anrk gray and red, Jjoints isolate fragments
porphyritic; red oxide coating less than 1/3 in. across)|
55 on sbundzat Joints; inciptent /)4
Joints make Tocks extremely
susceptible
< LEGEND
us62,0( 60 1 ., : V58 -
I LITHOLOGY DECREE QF FRACTURING
\ T L&t to botton)
dark grayish brown, very hard % L . Fragments average 1 in. or range
oronritic; 5 to 10 feldopar 119 0.6 to 85.0 ft, core Silt end Rock Fraguents Jess than 1 dn. to 2 .
euhedra, 3/22 in. across; fainst sezments aver: 1 in.
- Slow layers dip 10 to
NA o :
\—/\ ;
/ Core segments or fragnents average
™ ‘)‘, 1 z/ 2 in. or range 1 in. to 6 in.
/) ! Observation in borehole
N> < photographs
- s 70 to 75 ft subhori-
| = 22 zontal joints spaced 20 Potnts of intersection of
75 4\ ! | 1in Vitrophyre, vesicular 20  individual Joints with
g 45 aip as indicated.
AV
4
;/ 75 to 85 ft, brecciate?
s 4P AT | zone with 50% matrix of Vitrophyre
/- caleite (7).
~ 1
~/
B
8 4/1 Felsite, glassy
;/ !
!
/D =
9 H4/// = 1| Felsite
N/
) / ]
|
oy
EEER NI
i
/\’/
b522,6 1100 |

Figure A.3 Log of Core Boring 2.1.
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PROJECT PRE-SCHOONER IT PROJECT PRE-SCHOONER IT
HORING NO.: 2.2 GORING NG.: 2.3
LocaTioN [IDAHO STAYE COORDINATES): N 267,953.2 E 547,555.4 LOCATION (IDAHO STATE COORDINATES)H: N 267,787.8 E 547,517.8
ANGLE OF BORING: Vertical TYPE OF BORING: WX Dlemond ANGLE OF SORING: Vertical TYPE OF BORING: WX Dlamond
BEARING: BRILLING AGENCY: WES BEARING: DRILLING AGENCY: WES
EL TOP OF HOLE: 4627.2 £5 MSL GEPTH TO WATER TABLE:  estimate 1000 £t £L TOP OF HOLE: 4622 T MSL DEPTH TO WATER TABLE: estimate 1000 £t
TOTAL DEPTH: 89.h Tt HOLE STARTED: 20 April 1965 TOTAL DEPTH: 713 Tt WOLE STARTED: 22 april 1965
TOTAL CORE RECOVERY: 814 (rock only) HOLE COMPLETED 22 April 1965 TOTAL CORE RECOVERY: kB3 (rock only) WoLE comPLETED 24 April 1965
% JOINT DATA JOINT pATA
Frmse Fr o o= Frmse| BT io-
reCOV.| 0 = RECOV. | ho a8
rezref [uzk.
SANDY SILT (0 to 2.0 ft} not
625.2 tan, with fragments of rock. cored SIIT (0 to 8.k £t}
"VITROPEYRE (2.0 to 4,0 £t} vesicu- )| 100 W 30 b v ot
Tar; black; 15% ves (1/6h in. aian.) - 60 tan, vith vitrophyre
1623,2| (e M 35 fragnents. cored
5 VITROPRYRE (4.0 to 12.5 ft) 1 100 5 4 4
red beds 51;2 in, th:lck))uf 50% | 100
vesicles (1/32 in. ddam.) inter- (77— [ | 45 £ rock
layered with black vitrophyre; ol = 65 4615.8 2op of ro
grades to lithoidel vitrophyre at — )
10 11 ft; flow layers dip 80 deg. -’/37 — 80 10 VITROPRYRE BRECCTA (8.4 to 18.0 £t) 7
black vitrophyre fragments to
161k T _MNm™ A 75 6 in. diam in orange matrix of
Gradation —1 70 [ sub- glass shards; vitrophyre contains
- ;g parallel 20% by volume of lineated vesicles,
15 FELSTIE (12.5 to 29.4 ft) j 3 15 1/64 in. small dimensfon; matrix |
h— 5 breaks down in drilling; 8 £t
glassy, gray matrix with 15% 20 loss. = 20
feldsper euhedra, fine pirk bands I é H 3
5 5
spaced 1/16 in,; coarse, porous _ 85 | o~ 14606.2) 7
layers 1/16-in. thick spaced 3/4 {1 65 | paraller
20 to 1 in., govern platy Joints st | [ 25 20 VITROPHYRE (18.0 f% to 38.5 ft)  fA—r; 25
13 to 25 ft; flow layers dlpping 5 90 55
65 deg parallel dominent joint 3 = 20 black, perlitic glass with o
set. e 60 | suve 15¢ reldspar cuhcdra; contatns 3 p
(A ithophysae.
[ | gg parallel hophysae w00 [ 1
o ] = ; 25 16.0 to 20.2 £t, k0% lithophysae ] et
9 o 0 averaging 5/8 in. dlem; may have 55
= 35 faint, vertical flow layers. 00 o
flow leyers dip 40 deg 4’——: 45 sugpﬂmllel
= joints
20.2 to 22,8 ft, less than 5% 87
14597.8 Broad " » 1ithophysae; Tlow layers dip | ;g
FELSTIE  (29.5 to 37.0 %) b o b0 b5 deg. L= w0
30 to 40 f%, core seg- 22.8 to 38.5 Tt; 20% Lithoph: - 50
spherulitic, dark gray, porphy- 85 ments averaging 3 in. - 25 165 ophysae, (82 [
ritic; 60% spherical to lenticular long but pertly broken ﬁ;"i“’i” silicified, flow layers ] g
crystalline growths (1/16 in. by drill. p 45 deg. ¥4
across) in glassy felsite; flow L 45 35
layers dip 30 deg. [ 60 5 35
4590.2, | 15 lost air retumn at
Broad gradation H— 20 35 1%,
7 4585.7 _—_
FELSITE (37.0 ft to bottom) e [ 2 . I 60
2 10 i VITROPHYRE BRECCIA AND VITROPHYRE /{10
grey, massive, porphyritic; micro- [4 H 40 to 46.5 1%, fragments R e
erystalline matrix with 15% feld- = isolated by jJoints aver— (38.5 to 53.0 ft)
spar euhedra averaging 1/16 in. o aging 1 in. across, 100
Tong; red oxide coating on smooth H vesteular vitrophyre cut by zones
ineipient joints down £o 70 £6; Al of orange glass shards; vitrophyre | oo
calonreous coabing or vaxy veliow 173 3 L5 consists of black and red glass H 75
gel ulong open joints. H 70 with 25% vesicles by volume, 1/126 7 b
| o in. small dimension; smooth, curved, :
oxide-coated joints.
25
lost all air return at
a7 50 £t, regained &t 55 ft. 50 jZ0)
45 to 71 £t, core seg-
s flov layers dip 65 deg. 50 ments average 1 in.
— 1 1solated by joints
100 [ 80 k571.2| —_—
Nt o flon layers evident. 25 0 peralleling flow layers.
55 -/\/\ - 55 FELSTIE (52,0 to 64.0 1t) ]
’]/ (] 100 dense to glassy, gray, bard, pore 257 i
-\ phyritic; 15% feldspar euhedra;
1/ 100 1/16 1in. porous layers spaced 1 in. 0O
N " govern fractures, dip 90 deg; red
] ] - 0 oxide coats smooth joints; one  {//f
& \/l/ ] 80 thophysa 8t 56 ft. i 53
) = 8 i
N 100 70
\7/ | ] 4560.2 - T Rroad gradetion
65 1 H RN ]
> 144 100 75 S M= | FErsTIE (64.0 £o to bovtem)
7 \‘ w 7 NF >
A 7 | sme es abvove except matrix 1s
| / —t 1</ || microcrystalline, 85
A Y
7 1N H 92— 85 70 47,2 | flow layers aip 15 to 30 deg. A3
> >
?/ ] ] 55 4552,9 ) ‘A
A oo 1 g Botton of hole
\/} 65
N\ 60
754 ) R4 LITHOLOGY CTURTHG
/L 3
= H 80
'\ \/ 35 —
60 o " razgrents average 1 in. or ran
/// b5 i |oilt end Rock Fragnents less than 1 in. to 2 in.
8o 1\ - % '
g\ 95 7] Bs b
1
V' A = 70
I/\ 70
{ 60 L5 Core scrments or fregment- Averase
/N 95 M 55 G Vitrophyre Breccla 2 in. or range 1 in. to & in.
85 4\ / J e}
/ 65
Vo 8 80
/1 \ = i
- = 9 0 Points of intersection of
- =
4537.8| 894 \/\/ 100 = S Vitrophyre, vesicular 20 1individual joints with
L5  dip a: iniicated.
.}

Botton of hole

Vitrophyre

el~ite, gloscy

Figure A.L TLogs of Core Borings 2.2 and 2.3.
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PROJECT PRE-SCHOONER II

PROJECT PRE-SCHOONER

$11t and Rock Fragaents

Vitrophyre Breccia

Vitrophyre, vesicular

Vitrophyre

Felsite, glassy

BORING NO.: 2 BORING NO.: 2.5
LocaTion (IDAHO STATE COORDINATES): N 267,875.2 E S47,7TLL.T LOCATION (IDAHO STATE COORDINATES) I 267,799.4 E 5:7,%
ANGLE OF BORING: Vertical TYPE OF BORING: NX Diamond ANGLE OF BORING: Vertical TYPE OF BORING: WX Diamond
BEARING: DRILLING AGENCY: BEARING: ORILLING AGENTY \ES
EL TOP OF HOLE: 1625,8 1t DEPTH TO WATER TABLE: egtimate 1000 ft EL TOP OF HOLE: 1625.8 £t MSL DEPTH TO WATER TABLE  estlmate 1000 ft
TOTAL DEPTH: 10.0 £t MSL HOLE STARTEC: i April 1965 TOTAL DEPTH: 29.8 £t HOLE STARTED 24 fpril 1955
TOTAL CORE RECOVERY:  4h% (rock only) HOLE COMPLETED 24 fpril 1965 TOTAL CORE RECOVERY:  38¢  (rock only) HOLE COMPLETED 2k ipril 1965
4 P S,
% JOINT DATA JCLT DT
N i osscrieTIon cone e — L g e ogscaipTioN e -
RECOV. | oy 4 RECOV. | ay o
N Lge: o t
SANDY SILT (O to 2.8 ft) cxom:d ss in this hole. SANDY SILT (0 to 2.h ft) cz:zd no simnificant eir loss
4623.0 tan, with fragments felsite. g s 46734 with fragments vit . in this hole.
257 14
20
}/\/ Top of rock 71%— 80 VITROPHYRE (2. to 13.8 ft)
5 | = | FELSITE (2.8 to 10.0 ft) ) - 30 5 - A Zn N
i / e H 90 vesicular, black; 10% feldspar il
| gray, hard, 5 5% 391 H 40 euhedra; 15% small vesicles; 7‘ 30
/\ feldspar euhedra; flow layers 60 caleite on joints, . o
\// aip 70 deg; calcite on joInts. 3| 60 — 0
0
. w1 T
sl |7/ a 10 10 1 3 to 20 £t core segments
Bottam of hole 1o 7 tn.
4612.0) e _%z
15 Gy %0
FELSITE ({13.8 to 19.9 Tt) 1100 | 2
glassy, dark gray to black, 25
porphyritic; 10% feldspar
euhedra averaging 3/32 in. 95 .
4605.9| 20 = [
\/ 'y ® 10
24| s {19.9 Tt to botton) 100 || %o
) 10
i /\\ dark gray with thin reddish 2;0; 70
\/ / Yoo ‘1°"2é“1¥"5681§?"‘5t 20 to 30 f% core segments
25 N4 e at 20 11, 60 deg of B less than 1 in. to 3 in.
“ 7 27 ft; joints parellel flow E0 é
—Jj| isvers. 80
O\ s 1 %
I (\ A Y %
4506.0[29.8 |/ = 50
Botton of hole
LIIHOLOGY DEGREE OF FRACTURING

Fragnents aversge 1 in. or range
less than 1 in. to 2 in.

20 Points of intersection of
20 individual joints with

Core segments or fragments average
2 in. or range 1 in. to 6 in.
iks dip as indicated.

Figure A.5 Logs of Core Borings 2.4 and 2.5.
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PROJECT PRE-SCHOONER II

BORING NO.

2.0

Cocation (IDWO

STATE COORDINATES):

W %67,261.6 E S47,627.7

ANGLE OF BORING. Vertical TYPE OF BORING! NX Diamond R
BEARING - oG AEney o 511t and Rock Fragments
€L TOP OF HOLE: 1626,0 £t MSL DEPTH TO WATER TABLE: cgtimate 1000 Tt
TOTAL DEPTH: 27.9 ¢ HOLE STARTED: 26 April 1965
YOTAL CORE RECOVERY: 64 (rock only) HOLE COMPLETEOC 26 April 1965 |
! Vitrophyre B
« fee] R 3 pre— rophyre Breccia
Los 1BTION core
FrmsL| v i e .
PT BEG
juezb.0f
SANDY SILT (O to 3.6 Tt) ot Vitrophyre; vesicular
tan, with fragments of vitrophyre. no significant air loss
£ rock cored in this hole.
22 Top of xo = |
5 VITROPHYRE (3.6 to 18.5 rt) ] |
vesloulsr, black with red s 4 to 27 fi,core sepments Vitrophyre
oxidized zone around vesicles, % :3 7 in., mostly 1 to
porphyritics 10 to 20% vesicles; 22 *
15§ reldspar cuhedra 1/16 to T 9
10 1/8 in.; red oxide coats Joints. - 30
| Felsite, glassy
&
44_| 60
= 60
15 . 5] 7=
flov layers dip 20 deg. Zim 20 /| Felstte
4 l/ \/
7S ol
¥507.5 R - | o
81
20 VITROPHYRE (18.5 £t to bottom) | rraa s
black vith reddish flov layers
dipping 90 deg at 20 ft, 55 deg 1
at 26 ft; 10 to 15% feldspar bt 10
euhedra; 1/2 in. lithophysse et
2 8 re. p = 0
] = 0
70
4598.2]27.8 2 [ 10

Bottom of hole

Figure A.6 Log

of Core Boring 2.6,
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DEGREF OF FRACTURING

Fragments average 1 in. or range
less than 1 in. to 2 in.

Core segments or fragments average
2 in. or range 1 in. to 6 in.

30 Polnts of intersection of
20 individual Jolnts with
L5  dip ss indiceted.
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FROJECT PRZ-ICHOOMER IT

PROJECT PRE-SCHOONER IT

FELSITE (25.5 to 39.7 rt)

lassy; dark gray, dense flow layers
alternating with brown, porous

30

o

N J.ayers { to 1 in, thick) dipping

'l o 90 deg; 10% feldspar euhedra,
~ 1/16 to 1/8 in. across; 10% voids

Ll in porous layers; stecp 1 in. vein-

PR Lcte orauge glass sharas to 37 1t 9

rock breaks by taps of hemmer to |

s . [l /-1 cnipe Locarty.
—
45BL.3| o [l — .

/1
Y\ /|FELSITE (39.7 £t to bottom)

\,/\ crystalline matrix; hard; 10%
ks A7) T feldspar euhedra, otherwise ss

i minor voids.

/M [otat set.
7

ss 11—~

\\ ~|flov layers dip 30 deg.
-

65 1\ /0 {63 to 85 1, flow structure
\ 7 | Indistinct; joints are smooth,
\ |planar with 1/84-in, caleite
\/' closing space.

70 4
75 4
80
85 A

N\ V| fatat £10v 1ayers atp 10 deq.
!

95 4 {~ {85 to 105 rt, vertavle jotnt

\/ |&4Pring 10 to 30 des.
/

hsau,0] 100 |\ /

M\ lgray to brown, porphyritic, micro-

wbove; calcite coating suggests

s0 4\ /l 40 to 5% f£t, flow layers dip 80 to
[ 190 deg, paralleled by dominant

I

T

IT

I

HH

7 1y |ortentations tut one set persists

25 to 40 ft, core seg-
ments less than 1/2 in.
to 6 in.

Lo to 56 ft, core seg~
mented to less than
1/2 in. up to 1-1/2 in.
on Joints and flow
layers.

| |
b to 52 ft, grouted
after encountering It ft
fall-in at 50 ft.

b

5 to 61 ft, core seg-
ments 1 to 2 in

65
10
60

61 to B85 ft, core seg-
ments average 8 in,

85 to 105 8, core seg
ments 1 to 6 i

{Continued)

Vitrophyre, vesicular

1 Vitrophyre

Felsite, glasey; and
1ithoddal vitrophyre

Felsite

Figure A.7 Log of Core Boring 2.7.
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E
E

BGRING NO. 2.7 {me) 2.7 _(Continued)
LOGATION (IDAHO STATE COORDINATES: 1t pgr 501 ¢ LOCATION (IDABO STATE COORDINATES):
ANGLE OF BORING: Vertical TYPE OF BORING: ANGLE OF BORING: TYPE OF BORING:
BEARING: ORILLING AGENC Y: ORILLING AGENCY
€L TOP OF HOLE 16240 "t MIL DEPTH TO WATER TABLE: ostimate 1000 ot EL TOP OF HOLE: DEPTH TO WATER TABLE:
TOTAL DEPTH 105.0 7t HOLE STARTED YOTAL DEPTH: WOLE STARTED:
TOTAL CORE RECOVERY:  7.! (rock unly) HOLE COMPLETED TOTAL CORE RECOVERY: HOLE COMPLETED
% Ry~ % JOINT DATA
oEscRIFTION coRe LoG CESCRIPTION come fr
RECOV.| "% B RECOV. | "ny o
[
Q I/ FELSITE (as ebove)
not A ("
cored N
air loss
] AN
Bottom of hole
Top of recr
‘ 100 —] £
l VITROPHYRE (7.0 to 10.8 rt) 0
Litholdel; cray to black, slightly %3 P
b vocicular; 10 to 15% feldspar 100 -
euhedra; thin, orsnge flow layers
(it 10 £t dip 70 deq. Z 5
" N 83
VITROPHYRE BRECCL: (10.8 to 25.5 £t) 11 to 25 1t core segments LEomp
0% vitrophyre fragnents 6 in. ] averare J in. LITROLOGY DEGREE GF ERACTURTNG
inus in porous orange matrix of
rlass shards; vitrophyre is veste- [} o |
lar; veinlets of orange matrix 5.6 5
B L 5.6 to 20.6 ft, hole Fragments average 1 in. or range
gc._n'x 10 £t Into glassy felsite routed. Silt and Rock Fraguenta less than 1 in. to 2 in.
100
Core segnents or fragments Averlge
] e 1o
Vitrophyze Brace 2 fn. or range 1 in. o [3

30 Points of intersection of
20  individual joints with
45  adp as indieated.




PROJECT PRE-SCROONER II

PROJECT PRE-SCHOONER IT

BORING

NO.:

2.8

BORING NO.: 2.9

LOCATION (IDAHO STATE COORDINATES)

N 267,533.0 E 547,38L.4

LOCATION (IDAHO STATE COORDINATES)

I 267,615.1 E 547,922.6

ANGLE OF BORING:

Vertical

TYPE OF BORING

NX Dismond

ANGLE OF DORING:

Vertical

TYPE OF BORING:

NX Diamond

BEARING:

DRILLING AGENCY!

VES

BEARIN

Gt

DRILLING AGENCY: WES

EL TOP OF HOLE:

4623.1 £t MSL

DEPTH TO WATER TABLE: egtimnte 1000 £t

EL TOP OF HOLE

4624, 5 £t MST

DEPTH TO WATER TABLE:

estimate 1000 ft

TOTAL DEPTH:

27.3 1t

HOLE STARTED:

30 April 1965

TOTAL DEPTH

10,0 ft

HOLE STARTED:

30 _April 1995

TOTAL CORE RECOVERY:

15% (rock only)

HOLE COMPLETED

30 April 1965

TOTAL CORE RECOVERY:

5% (rock only)

HOLE COMPLETED

30 April 1965

Figure A.8 TLogs of Core Borings 2.8

HORE HOLE CAMERA JOINT DATA 4 JODNT DT
2 P es DESCRIPTION core E- PP Loe oescrIPTION core
FT vy Mot o Frmst| FT ¢ wio. or
e ze RECOV.| oy o
u623.1] 1624 .5 o
SWDY SILT (0 to 7.0 ft) SANDY SILT (O to 5.8 £t)
tan, with fragnents of C';:z " o sigaificant air tan, with vitrophyre fragments. not
vitrophyre. 1oss in this hole. cored
5 7 5 A Top of rock 4 no significant air loss
16187 in this hole.
616.1 Top of rock 100
. % 2 VIIROPHYRE BRECCLA o
VITROPHYRE (7.0 £t to bottom) (5.8 to 29.h £t)
- 0 L1
10 vestcular, black; 10% feldspar 3 10 porous, orange matrix of glass |
euhedra 3/32 in. across; less shards containing 50% black 72
then 5% small vesicles; red vitrophyre fragrents 8 in. & to 30 ft, core seguents
oxide and caleite coating on minus; 15% voids in matrix. 100 1 to 8 in.
Jolnts; 3/h-in, lithophysse at A
17 ft. - 60 57
15 q 15
= 10 7L
21 50
I 15
dark red flow layers st 1§ ft, ]
20 dip 65 deg. 4 20 s
7 to 27 ft,core segments N
1to 7 in long.
\
25 v 25 1%
14595.81 27-3
Botton of hole
4595.1, _ L
30 Viss
FELSITZ % to ot
(29 o botton)
glassy; dark brownish gray | ‘o
with dark gray Tlov layers , o
dipping 60 to 90 deg; hard; %
35 20% flat vesicles 1/8 in,
long perallel flov layers; 30 to 40 ft, core seg-
5% feldspar phenocrysts. fented 3 to 8 in.,
y mostly drill breavs.
usAh.5| 40 /A |1

Botton of hole

S11t ané Rock Fraguents

0

Vitrophyre, vesiculer 2
5

Vitrophyre

Felsite, glassy

Felsite

71

DECREE OF FRACTURING

Fragments average 1 in. or range
less than 1 in. to 2 in.

Core segments or fragments aeversge

& Vitrophyre Brecels g 2 in. or range 1 in. to

Points of intersection of
1individual joints with
dip as indicated.

and 2.9.




(Continued)

Figure

72

PROJECT PRE-TCHOCHER IT PROJECT PRE-SCHOONER 1T
BORING NO.: 2.10 BORING NG 2.0 (Continued)
LOCATION (IDAHQ STATE COORDINATESH I 257,511." 5.7,719.5 LOCATION INEVADA STATE COORDINATES)
ANGLE OF BORING Vertical TYFE OF BORING. A Diamond ANGLE OF BORING: TYPE OF BORING
BEARING DRILLING AGENCY JEC SEARING: CRILLING AGENCY.
€L TOR OF MOLE: 4624.8 £t MSL DEPTH TO WATER TABLE  estimate 1000 Tt EL TOP OF HOLE OEFTH TO WATER TASLE:
TOTAL DEFTH 3.0 1 HOLE STARTED 30 April 1945 TOTAL DEPTH WOLE STARTED:
TOTAL CORE RECOVERY  72% (rock only) WOLE COMPLETED oy 1905 TOTAL CORE RECOVERY: WOLE COMPLETED
e loepra escmeTio JOINT BTh e foeern sescapTio B JOINT DATA
Los 1ATioN Los 1P TION coRrE
" FrmsL| F n
FrusL| FT Recov.| S e L) oET Recov.| " e
28] | | 45248 100 7
ILT (O to 8.2 Tt) /_,l FELSITE (as above) o7 H
tan, with vitrophyre \"/\ H
fragrents. v
5 1 105477\
J | fiov layers dip 0 to 10 deg.
2 \/
5166 Top of rock . /\ 7
VITROPH(RE (C.2 to 12.2 £t} = «g /\ ;
10 ‘Zhd;; 15% 1'7;&59' cunedra E - 11oql\/
1/16 %0 1/3 ia.); 5% = 20 . i
. = | 110 to 11 ft,tight joints |
. veslales. , 20 77| coates with chleite parallel HO.b to Lk £, closed,
#612.6 _— ? A\ low layers subparallel joints
VITROPHYRE BRECCIL: (12.2 to 21.0 ot}[//9 l/\ / spaced 1/4 to 1/2 in.
15 black vitropryre fragents ln amne (/) ©509.2] 115 |" 1)/ | |
trix of glas +
matrix of glass 12 to 20 ft, cuttings only Botten of hole
20
4603.8| —_— e — — —
L5
ITE {22.0 to 33.0 &t)
slassy, darx cray with broun
25 Tlow 1ayers (L/15 to 1/8 in.) o LEGRND
60 to 90 deg; porp lost all air return LITHOLOGY DEGREE OF FRACTURING
it felaspar phenocrysts; at Lo ft.
b sae 1/% to 1-1/4 in.
alam; fone below 30 ft. 27 to i - 55 N N L 1n. or range
33 ft 157 vesicles less than ragments average . or T
30 1/16 in. acrose in flow luyers - L g0 Silt and Rock Fraguents less than 1 in. to 2 dn.
1/i in. apart. 0
- us
4591.8 SO UUN R I
FELSITE  (33.0 £t to botton) &0 i Core segments or fragments average
35 30 i Vitrophyre Breccia 2 in. or range 1 in. to 6 in
brownish gray, hard, porphy- = 2
ritie; faint flow structure o
as indicated; 10% feldspar ks
cuhedra. = 30
s 3 30 Points of intersection of
50 us Vitrophyre, vesicular 20 4ndividual joints with
45  dip as indicated.
7 || 33 to 4O ft, core seg-
ments 2 to 7 in.
us h0.5 to 46.k £, 5% small B —i 30 Vitrophyre
esicles dipping 30 to 50 55
deg. Ly is
80
0
80 .
50 30 H Felsite, glessy
%0
50.6 to 67 ft, drilling
characteristics suggest
Jjoints as above; core
segments less than 1 in. 1=
55 flow layers dlp 80 deg. to 3 in. ~ Felsite
] =
60
65
67 to 115 ft, Joints arc smooth, 67 to 115 ft, most core
70 planar with thin calcite coating segments 11/2 to 3 in.
1/6% to 1/6 in. thick; many dips long.
in range O to 40 deg.
. i regained 25% air retwrn
75 flov layers dip O to 10 deg. £ ot 70 5, 50% from 12 £t
5 to botton.
8 1 H
85 flow leyers dip 30 deg. 1
* Bl
95 flow layers dip O to 10 deg, -
v 95 to 101 ft, subhori-
zontal joints, 2 in,
a
4524,8 | 100 H ‘

A,9 Log of Core Boring 2.10.




PROJECT PRE-SCHOONER II

BORING NO.:

2.11

LOCATION {IDAHO STATE COORDINATES):

N 267,619.6 E 547,713.9

ANGLE OF BORING:

Vertical TYPE OF BORING:

NX Dismond

BEARING:

ORILLING AGENCY:

WES

EL TOP OF HOLE:

4623,3 £t MSL

DEPTH TO WATER TABLE:

estimate 1000 ft

25

30

L5

1/

//-/ FELSITE (46.0 £t to bottom)

f) \| dark grayish brown, porphyritic,
50 1}/ — | microcrystalline; 5 to 10%

//7 phenoerysts,

&/

L\

1,/

/\/ 55.7 to 59 ft, few, thin flow
55 -7]/ layers of vesicles dip 30 deg.

N

/1

Ny —|

N
60 4 ——I\

/

Nt

77

NV
65 -)\ /

/7 flow layers indistinct or absent

“\ | velow £0 ft.

M

N
w04~/

/\ /

</ | 73 to 90 £, joints are mostly

_/ smooth, planar with oxide and/or
751/ {1 carbonate coating; tan elay along

\T/ Joints at 88 to 90 ft.

1lneated vesicles 1/16 to 1/8 in.
long, dipping 80 to 90 deg at

15 ft, 30 to 50 deg at 25 ft. S
oxidized to red around vesicles

in lower 10 Tt; probably in part
a breceia with matrix lost by
grinding.

3
2 2 i
YITROPHYRE BRECCTA
(32.6 to 3.0 £t) 1
50% vitrophyre fragments in
orange matrix of glass shards. A&Y
q FELSITE  (38.0 to 46.0 ft)
15

glassy; brown, vesicwlar,
porphyritic; interlayered gray
felsite dips 45 deg; 5 to 10%
spherical vesicles average
1/16 in. diam.

TOTAL DEPTH: 90.0 £t WOLE STARTED: L May 1965
TOTAL CORE RECOVERY: 384 (rock only) WOLE COMPLETED ¢ ay 1965
oEPTH # JOINT DATA
| Los OESCRIPTION CORE |r
RECOV.| M1 oe
I DEG
4623.3]
SANDY SIIT (O to 10.0 f£t)
tan sandy sllt, with fragments
of vitrophyre. not
corod no significant air loss
5 1 in this hole. grouted
to 20.3 ft.
10 Top of rock
VITROPHYRE OR VITROPHYRE BRECCIA s
(10.0 to 32.6 Tt)
4
Il black, vesicular, glass with 15% 1
| reldspar euhedra 1/16 in. long;
15 15 to 25% by volume flattencd, vi

10 to 46 ft,core seg-
mented 1 to 3 in.;
partly by drill bresk-
age nlong incipient
Joints.

S6 to 59.3 ft, Joints
subparallel to flow
layers; spaced 1 to
3 in.

46 to 73 ft,core seg-
ments range 3/4 to 2
in., mostly on closely
spaced joints; dip

30 to 90 deg.

80 4
gA

25 NI 1
] 95 73 to 90 ft,core seg-
1A ments  average 3 in.;
=/ in part, drill breaks,
iy Vi mostly ineipient joints.
\ /\ s H

1 4 } |

Botton of holn

LITHQLOGY

§11t and Rock Fragments

i Vitrophyre Breccia

Vitrophyre, vesicular

1 Vitrophyre

Felsite, glassy

/| Felstte
s

LEGEND
DEGREE OF FRACTURING

Fraguents everage 1 in. or renge
less than 1 ia. to 2 iIn.

Core segments or fragments average
2 in. or range 1 in. to

30 Points of intersection of
20 individual joints with
45 dip as indicated.

Figure A.10 Log of Core Boring 2.11,

3




PROJECT PRE-SCHOONER II

PROJECT PRE~SCHOONER II

(Continued)

BORING NO. 2,12 BORING NO.: 2.12 )
LOCATION {IDAHO STATE COORCINATES) N 257,551.9 E S47,622.4 LOCATION (NEVADA STATE COORDINATES):
ANGLE oF SoRING Vertioal TYPE OF @oRING: 4 by 5-1/2 in. Dlemond ANGLE oF BORING: TYPE OF BORING:
SEARING: DRILLING AGENC Y ES BEARING: ORILLING AGENCY:
EC TP OF rOLE: u624.,0 £t ML DEPTH TO WATER TABLE: _cotimate 1000 Tt €L TOP OF HOLE: GERTH TO WATER TABLE:
ToTAL OERTH 120.0 1% HOLE STARTED: 5 tay 1965 TOoTAL DEPTH: oLE sTARTEG:
TOTAL CORE RECOVERY: 80%  (rock only) HOLE COMPLETED 11 Moy 1965 TOTAL CORE RECOVERY: HOLE COMPLETED
7 JOINT DATA 3
ers P oo DEscRPTION come TN i oeseriPTION S JOIRT DATA
REGOV. oie [T
et B RECOV. | ot 5>
LE u52h.0[) o ;
SANDY SILT (O to 6.0 £t) //\ /| FELSITE (a5 above)
tan, vith vitrophyre fragments ot 4
cored .
5 | AR 102 to 116 ft, core
Top of rock 1 105 {7/ segaents 1 to 6 in.
e two doninant joint sets
VITROPHYRE BRECCIA (6.0 to 23.0 £t} (/50 y \; dip 30 and B0 deg.
‘vlack glass fragments in orange 4 0 to 1 ft,grouted. I—/
matrix of glass shards; porous; | ~ 100
10 el e i o ;| 20w dayers end subpsralicy 1 i
at 18 ft contain lithophysae; 85 r Joints dip 10 to 20 deg.
f. In. brovnish By felsite / T M 113 0 116 12, 378 %0 1in.
2]+ 4o L 3| trecetate vein with calcite
s /\// and clay, dips 85 deg. 100
5y \/ 116 to 120 %, can be broken by
/) taps of bammer to 1/4=in. mg-
V 1 /] ments, mny joints parallel to
\T/\ faint flov layers dipping 116 to 120 ft, core
0 to 10 deg. segnents 1 to 20 in.
o L o I i L
%o Bottom of hole
80
46010
—_—— e —— 80
50
25 FELSITE (23.0 to 50,5 ft)
glassy in upper several feet;
brownish gray with brown layers;
hard, porphyritic; layers are
swirled and contain lithophysae 2k to UL ft,core sog-
30 or inclusions; 15% feldspar ments 2 o b 4n.; Lsow EED
euhedra 3/32 in. long. lated by joints, one
set aipping 30 to 70 LITHOLOGY. DEGREE QF FRACTURING
deg, spaced b in.
23 to 35 ft, flov layers dip Fri
sguents average 1 n. or renge
35 55 to 75 deg. 511t and Roek Fragments Eob e La
35 to 40 £t, flov layers dip 100 = Gore segments or fragments sverage
ko 90 deg. = Vitrophyre Breccia 2 in. or renge 1 in. to 6 in.
41 to 54 ft, 5% fiat vesicles 2
N atp 30 to b0 deg. 30 Points of intersection of
5 1 L 0 Vitrophyre, vesicular 20  tndividusl Joints vith
» 45 dip as indicated.
Ek 85
= S
85
50
45735 i ? —_— at 47 £5,air return
dropped to
l\ /| ELSEE (505 £t to votton) at 50 %o 55%" 208
O s, e e | S
55 |7 nt flow layers dlp b - -
/| deg from 54 to 75 ft; 10% feldepar | 5 to 6 1%, core seg- PR relstte, glasey
/[ | phenocrysts; interval 54 to €h ft. ments less than 1 in, (S |
/| can be broken by Light taps of to 3 in.
/> \/| nemuer to /b in. fragnents.
60 1 )/| caleite coats smooth, planar ’
N7 dotnts. ’ Felsite
-/ regained 50% air return
/I,\} 8435 et 758 rewrn at
E
A %o botton.
65 1 \/
YA
VI
P /\
/=
EIAYS :
70 /\ L
\’ / 6 to BL £t, core seg-
21/ ments less than 1 in.
= to 6 in.; steep, closed
- A//\] 100 Joints spaced 1 to 2 in.,
7, 1 one set
=S
A \/’ 100
n2
80 4 n
Ly
/}\. 61 o 91 1y, core seq-
then 1 in.
N | Lan. brecotated vein atps ents Sess
80 dvg 8 to b in.; mostly less
o _/7_ /] deg; caleite filling than 1-1/2 in.
V]
oYy
\\/ V| tan clay sna catctte along
7 {/| Jotnts.
|
% 477/
L'/| 91 to 94 £, betn. breceiated
\Vl\ vein dips 80 deg; calclte
{ filling.
N
95 427\ 94 to 97 rt, highly
71y Jointed,
1| 97 %0 102 26, kotn. brecetated
I vein dips 80 deg; colloform
} 1/} caleste on fragments; 20% wugs
us24.0 | 100 ’_{, vp to0 1-1/2 1n. across.

A,11 Log of Core Boring 2.12,

T




L3

curved, oxtde-coated joints;
1/2-in., vesicular layers at

51 ft, spaced 2 in., dip 50 deg;
lineated vesicles at 5% Tt

rlunge 35 deg.

60

65

VITROPHYRE BRECCIA (66.0 to 77.0 ft)

black to brown vitrophyre fragnents
in orange matrix of glass shards; |
2-in. minus,

T0

VITROPINRE {77.0 to 88.0 ft)

80 black, with few reddish brown B
flow layers; some layers vesicular,
sore 1/2-in. layers highly jolinted,
glassy felsite; dips range 75 to

5 der.

8&s

%0 FELSITE (88.0 to 121.3 ft)

glassy; dark brown with flow layers
of black vitrophyre; porphyritie;
93 to 113 Tt, permeable, vesicular?
zones between fragments of felsite,
grading to 1/2-in.vesicular flow
layers dipping 75 deg; crushed
appearance suggests some movement.

95

100

L5 to €6 ft, core seg-
ments 1 to b in.; most
Joints dip O to U0 deg.

66 to 77 Tt, core seg-
ments less then 1 in.
to 3 in.

77 to B8 ft, subhori-
zontal Jjoints spaced

2 in, isolate core
segments 1 to 2-1/2 in,

85 to 121 Tt, core seg-
ments less than 1 in,
to b dn.

95 to 100 ft, lost all
air return.

[

(Continucd)

Figure A,12 Log of Core Boring 3.1.

75

Botton of hole

LITHOLOGY,

S11t end Rock Fragments

Vitrophyre Breccia

Vitrophyre, vesicular

| Vitrophyre

Felsite, glassy

Felsite

PROJECT PRE-SCHOONER 11 PROJECT PRE-TCHOCHNER 11
BORING NO.. 3.1 BORING NO 5.1 (Continued)
LOCATION (ILAO STATE COORDINATESH N 267,000 E 556,470 LOCATION (NEVADA STATE COORDINATES!
ANGLE oF BORMG TYRE OF BORING i i ANGLE OF BORING! TYPE OF BORMGT
BEARNG DRILLING AGENCY. s BEARING. DRILLING AGENCY:
EL TOP OF MOLE “t MSL DEPTH TO WATER TADLE'  pstimice 1000 7t EL TOR OF HOLE DEPTH TO WATER TABLE
TOTAL DEPTH 150.0 Tt HOLE STARTED & april 1965 ToTAL DEPTH HOLE STARTED.
TOTAL CORE RECOVERY:  L1% (rock only) WOLE COMPLETED  § april 1055 TOTAL CORE RECOVERY. WOLE CoMPLETED
JOINT DATA K JOTHT TATH
ELOPEPTHL g OESCRIPTION EL OEPTHL oo DESCRIPTION core
Frusi| FT wio- Frmsc| FT wo-
o RECOYV. oie
er BEG s OES
e bl 3
[ 4ot3 SRl B e}
samvy SILT (0 to 7.8 £t) FELAITE (25 above)
tan, with fragments of
vitrophy
5 4 E 105
Top of rocl
FITROPVRE (7.8 to 15,2 1)
o 4 R 110
* sicular as indicated bel
I3t v dspar phenocrysts;
Wiite eontine on jolnts.
15 g 15
15.0 to 18,3 £t, Lineated .
sic plunsing 45 des. 5
7.8 to 145 ft, core scg.
ments 1 to 6 in., most
s dip O to 10 deg.
2 Jjoints dip O to g 120
25,9 ft, 30 to hof
FELSITE (121.% F't to bottom) 9
——— 121 to 12 %, corc seg-
105 jlassy matris; zray vith brown meats leso than 1 in. %
25 g aloag joints, porphyritic; hard; 3 1in.
some vesieular layers; 407 er
204 f%, vesicular. tallinc lens, 1/32-1n. ek
h 7 dispersed in glassy matrix; flow
layers dip 80 10 to 25%
150 folispar euhodra; tan clay or
30 3 el on some jolnts.
32.1 to 3%.7 ft, vesicular.
35 135 128 to 150 ft, core seg-
meats less than 1 in. to
5.1 to 38.6 T, 207 vesicles, 2 in.
1/6L-in. diam.
50 0
38.6 to L5,k £t,slightly vesic-
ular, lineated with plunge 75 deg.
45 _ Graiation 145
VITROPHYRE (5.4 to 66.0 ft)
black, with reciish brown flow
layers dipping 30 to €0 deg; 1393 j150
50 sligntly vesicular; smooth, 4

Fragaents aversge L in. or renge
lese than 1 in. to 2 in.

Core segments or fragments average
2 in. or renge 1 in. to 6 in.

30
20
45

Points of intersection of
individual joints with
aip as indicated.




PROJECT PRE-SCHOONER 1T PROJECT PRE-3CHOONER
BORING NO.: L, BORING NO.: 4,1 {Continued)
LocATION (IDHO STATE COORDINATES): N 271,450 E 555,430 P — 4
ANGUE OF BORING:  Vertical TYPE OF BORING: NX _Diamond Frmsc| Fro | S9° pEserIPTION Ri;‘;“] D o
BEARING: ORILLING AGENCY: \ES P DEG
[
€L ToP oF HOLE Ligg £t MSL DEFTH TO WATER TABLE:  ogtimate 1000 £t 14399 1100 T L] 1
ToTAL DEPTH, 150.0 £t WOLE STARTED: 2 March 1965 = FELSITE (as ebove) 8 to 150 f%,core_sez~
; nents range from less
TOTAL CORE RECOVERY: 51 (vock only) WOLE COMPLETED 5 fpril 1965 /\/ Tan L A to 3 s
N JOINT DATA \ /\| ccattered flow layers of reddish nost joints and otner
crmse | pa | wOS DESCRIPTION CORE [ 105 J,/— | felsite dip 45 deg. 4 fractures dip O to
rEcov. | 27 o /\—- < 30 deg.
g9 |4 — A
SADY STIT (O to 2.5 £%) ot 1N
. tan, with fragments of vitrophyre.| '’y 2.5 to b1 ft,joints as /_ \
4495.5 Top of rock shown. 110 ) p
VITROPHYRE BRECCIA (2.5 to 35.6 ft) 7 _I<
5 pinkish orange granular matrix T w00 {/l
with black fragments of vitrophyre; 15 ™~
angular vitrophyre fragments to w00 | 15 s IN
6 in. across; matrix consists of 5L 1
cormimited vesicular vitrophyre; 200 li 7
10 centers of shards are glassy, | \ \/
‘borders are crystallized; con- 100 Y
solidated by minerals 15 I}
and partial velding. 120 _// ’ N\ i
I o 1
15 1 100 i //
I 25 \Vs
! 10 125 AAN
N ]
\I/Il
= 1 L] 10 i
H 15 A
- 10 /\L;
L 20 130107 i
100 [ o 1y
4 ] 30 -
25 = i 1
o N
1
(- 154N 1
- o )
30 b 0 \//) scattercd flow layers of reddish
g \7Y!| relsite aip 10 deq.
60 we 17/
87 0 \/ /
I !
35 Gradation 9 \/ I
84634 - S N — o ,—/
] 5 =
FELSITE (35.6 to 52.0 Tt) dl
I — ] 5 15 BIVAY ] R
glassy; black, mottled; 10% 35 Y
N feldsper phenocrysts; red oxide 30 ! 1
0 coating on closely spaced 100 20 \/
smooth incipient joints. 10 N
vaxy, yellow siliceous gel on é‘; 3o | aso |~
some joints shows polishing, 100 Bottom of hole
possibly due to minor slip.
15 4 100
100 41 to 52 ft,core seg-
cents range from less
B than 1 fn. to 6 in.
5o 4 1* B
w7 ; Gradation H LECEND
17/
\\ /| FeELsITE (52.0 £t to bottom) LITHOLOGY DEGREE OF FRACTURING
— 2, =
55 9__ / dark gray at top to gray below,
N ] mottled; porphyritic; 10 to 25% £ " " L
feldspar cuhcdra (1/16 to 1/8 in, Taguents average - or range
2 \/ acm?;) n nicz‘o:f‘yétalllnc/ S11t end Rock Freguents less than 1 1n. to 2 in. .
ZN/| matrix; red oxide costing on O
p smooth, incipient joints; dovn
s /1N to 100 ft, no red below; cal- /0 52 to B8 ft,Tragments
\ 7 careous coating and siliceous isolated by incipient
el on open joints. Jjoints average less Core segments or fragnents nverage
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Figure A,13 Log of Core Boring U4.1.
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APPENDIX B

CALYX HOLE MAP
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North  East Seuth West Morth

0 - pRe-
Coroamed LOG OF ACCESS CALYX HOLE - PRE-SCHOONER |1
J 1L el | Project: PRE-SCHOONER I
wng Hole No: Access shaft
Total depth: 61.2 ft
2 - Hole dia.: 36 n.

Open jeint or fracture

Tight joint or fracture

Cavity beyond general wall
4 b of hole

5 : b Vitrophyre Breccia
§ 4 Felsite
Note:This log is schematic. Vertical exaggeration
7 b over the horizontal is approximatety 2:1.
Photo insets show the genera! character of the rock.

o Fr it sl Botom of cosing

A Pl di A TAS Hole in concrote coating exposing highly

ey :‘3‘ S altered voleanic glass

[ T e O
0 y'.‘{*,:i-':;jj:f::;

OIS N T T

PN IITIEES
LR EEME MR PSS
AR LIRS
ERSICH) SIOMEERRE
MR
v tiTaer ,“’;v
foescalts allelny
e
’Z,r:{u;&: Highly altered, crumbly, oxide stained, waxy
bRk #  olass matrix holding angular fragments of black
¢ : volcanic glass or obsidian ranging from 0,02 to
i X 0.8 ft maximum dimension.
:
- B
H Solid welded mass with few recognizable
i joints or fractures. Walls of the hole
_ i 4 are pitted where the drilling process has
eroded the softer matrix,
20 =

Exposed fragments of highly fractured
felsite with maximom dimension 1 ft.

A piominent structural plane enters the hole
from the SW. It is open to 2 in. with one
smooth planar wall (N. side) and one wall of
crushed rock. Plane migrates across the hole
leaving through north wall at 41.7 ft.

Approximate contact; gradational,

rom typical vitrophyre
breccia of 26 ft to glassy felsite at

29 ft. Matrix of the breccia rapidly
changes from smal} black obsidian
fragments in altered glass matrix to
uniform glassy to aphanitic, porphyritic,
red-brown felsite.

Near the top of the sequence the felsite
is characterized by a hard, glassy matrix
with subhedral to anhedral white and
black phenocrysts. With depth, the
matrix becomes more erystalline and
darker in color. The phenocrysts become
more evhedrat,

The rack is permeated by small fracture
planes similar Yo conchoidal fracturing
in obsidion.  Fairly good cohesion
along these planes.

Joint on NE side of shaft open to 4 in.
and filled with brecciated moterial.
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North East South West North
T T LOG OF ACCESS CALYX HOLE (Continued)

Highly fractured cs sbave but lacks
cohesion clong planes. Losily eroded.
Walls of shaft croded up to 3'in, deep.
Fractures numerous, short, frregular
(Not oll fractures shown).

As above with waxy luster. Cohesfon
returned to small frocture planes.

Walls eroded only along joints, Most
cavities in wall from loss of wedge
shaped fragments bounded by Joint planes.

Most joints are short and curved.

T.D. = 61.2 ft.
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ROCK CORES FROM PRE-SCHOONER II SITE
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APPENDIX C
PHYSICAL TESTS AND VISUAL EXAMINATION OF
ROCK CORES FROM PRE-SCHOONER II SITE
C.1l DETERMINATIONS OF SPECIFIC GRAVITY
The following formulas were used to calculate specific
gravities:

Bulk specific gravity (SSD) or G,

Where: wS = weight in air of the saturated, surface dry specimen
W _ = weight in water of the saturated specimen

Bulk dry specific gravity GO

wo
Go ) Vo 7w
Where: WO = welght of oven-dry specimen
VO = measured volume of specimen
Yy = density of water at temperature of test specimen

Specific gravity of solids GS

wsa
Gs W - W
sa, SW

Where: wsa weight of dry crushed material in air

1l

weight of material in distilled water under a vacuum
pressure

SwW

82




C.2 ©SAMPLE DESCRIPTION
The 13 NX core samples chosen for testing are illustrated and

described in Figure C.1.

C.3 SAMPLE PREPARATION AND COMPRESSION TESTS

All samples were prepared in the following manner. The length-
diameter ratio was approximately 2.0. The sawed ends of the cores
of massive felsite were prepared by surface grinding. The ends of
the remainihg cores were prepared by capping sawed ends with hydro-
stone. The different manner of end preparation has very little
effect on the strength of the sample, although experience has shown
that when brittle rock with ends ground is tested for compresgive
strength, the strength values are slightly higher than when the
ends are capped. A uniform loading rate of 50 psi/sec was applied
to all specimens. . Strain measurements were made by two pairs of
diametrically opposed SR-4 strain gages bonded to the specimen,
Stress-strain curves obtained from these tests are shown in

Figure C.2.
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APPENDIX D

PETROGRAPHIC EXAMINATION OF ROCK CORES
FROM BORINGS 2.1 AND 2.3
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APPENDIX D
PETROGRAPHIC EXAMINATION OF ROCK CORES
FROM BORINGS 2.1 AND 2,3

D.1 SAMPLES

Samples of four NX-diameter rock cores from Borings 2.1 and 2.3
at the project site were received for petrographic analysis.. The
samples consisted of short end pieces of core, the tops and bottoms
of core lengths from which cylinders for physical tests had been

saved.

D.2 TEST PROCEDURE

The samples were examined with a stereoscopic microscope on
cored, freshly broken, and sawed surfaces. The compositions of the
feldspar phenocrysts and the glassy groundmass of each sample were
determined from grain immersion mounts with a petrographic micro-
scope. Representative samples of each rock and of hand-picked
phenocrysts from each rock were prepared and examined on an X-ray
diffractometer. A thin section of Sample L was made and examined
with a petrographic microscope. Photomicrographs of a selected area
within the thin section and of the sawed surface of the rock were

made to 1llustrate pertinent features.

D.3 RESULTS

D.3.1 Sample 1 (Boring 2.1, Depth 17.7 to 18.5 Feet). The

88




sample was a brownish-black (5YR 2/1), glassy, porphyritic igneous
rock consisting of white, clear, and tan subhedral to anhedral
feldspar phenocrysts and scattered pyroxene phenccrysts in a dark
glassy matrix, The feldspar phenocrysts ranged in size from less
than 1/16 to about 3/8 inch in longest dimension, most frequently
1/16 to 1/8 inch. The rock was rather soft and could easily be
scratched with a needle; it was readily fragmented with light hammer
blows and even by crushing between the fingers. Much of the ground-
mass has a resinous luster; an iridescent play of colors could be
seen on freshly broken surféces. The glassy groundmass had a some-
what perlitic texture. Abundant perlitic cracking was noted on
sawed surfaces. When the rock was fractured with a hammer or
crushed between the fingers, the glass usually broke up into rounded
grains. This kind of breaking is related to water content and cool-
ing history of the lava from which the rock solidified. The rock
was only very slightly vesicular. Most of the apparent vesicles
observed on sawed surfaces were due to small, rounded glass grains
plucked out by the sawing action.

The sample constituting the top piece of the core length was
about 3—1/2 inches long, masgsive, and virtually unweathered. The
bottom piece was about 2 inches long and was fractured on one sur-
face at about 30 degrees to the axis of the core. That part of the

rock bordering the fracture and extending back into the rock from
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1/% to 1/2 inch was highly weathered and leached to a soft,
yellowish-white material. X-ray diffraction analysis of this mate-
rial indicated that it was composed of a mixture of amorphous glass,
residual feldspar from phenocrysts, and a poorly crystalline clay
mineral that was probably halloysite.

X-ray diffraction analysis of the unweathered rock indicated
that it was composed of glass, plagioclase feldspar, very minor
amounts of pyroxene, and a trace of quartz. Index-of-refraction
measgurements and other optical properties obtained from grain
Immersion mounts of the feldspar phenocrysts indicated that the
feldspai was oligoclase. Grain mounts of the glass indicated that,
although it was essentially amorphous, it was almost opaque because
of the presence of myriads of extremely small bubbles, microlites of
iron oxide, and needlelike crystallites embedded in it, which were
visible only at 450X. The index of refraction of the glass was
near 1,500. The silica content of the glass, based on the index of
refraction, was about 72 percent. When a small, coarsely ground
sample of the rock was subjected to magnetic separation with an
electromagnet, virtually all the glass particles were picked up,
leaving only the fragments of feldspar phenocrysts and a few small,
almost spherical quartz grains in the nomnmagnetic fraction. The
roundness of the quartz grains indicated that the quartz had been

an early product of crystallization, rounded by corrosion by the
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magma to the extent that all crystal outlines had been lost,

The composition and texture of the glassy groundmass of the
rock, together with the acid plagioclase phenocrysts--oligoclage--
suggest that the magma from which the rock solidified was of
rhyolitic composition. Based on composition and texture, the rock
was classified as a porphyritic rhyolite vitrophyre,

D.3.2 Sample 2 (Boring 2.1, Depth 26.4 to 26.9 Feet). The

sample consisted of two pieces of core, each about l—l/é inches long
and bounded by a fracture plane running diagonally along one side at
about a 50-degree angle to the axis of the core. The rock was
brownish-black, glassy, porphyritic igneous rock with discontingous
paper-thin to l/l6—inch-thick layers of dense, reddish-brown glass
dipping at about 45 to 60 degrees to the axis of the core. The
layering was approximately normal to the fractured surfaces. The
phenocrysts consisted of euhedral to subhedral feldspar and a few
corroded quartz and ferroan mineral crystals of similar size and
distribution to those in Sample 1. The groundmass of the top pieces
of core exhibited two types of texture, partly the perlitic type, as
in Sample 1, and partly a more dense, nonvesicular, layered texture
composed of somewhat devitrified glass. The bottom piece of core
was the dense, layered type. The rock was highly fractured with
short, irregular, intersecting cracks that rendered the small pieces

of core very weak., They could easily be broken into small fragments
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by crushing befwéen the fingers. ' The rock was relatively un- "= -
weathered, although the two principal fracture surfaces weré
partially coated with dusty white powder.

X-ray diffraction analysis indicated that the rock was composed
of plagioclase feldspar, poorly crystalline, disordered cristobalite-
tridymite, resulting from devitrification of the glass, traces of
quartz, and possibly very minor amounts of pyroxene. Grain immer-
sion mounts indicated that the feldspar phenocrysts were oligoclase.
The glass in the two textural varieties was distinguishable in grain
mounts. The perlitic glass, like the glass in Sample 1, was almost
entirely amorphous, contained crystallites and bubbles, and had an
index of refraction near 1.50. The more dense glass, on the other
hand, ‘possessed a very dull salt-and-pepper birefringence, appeared
to contain fewer bubbles, and had a mean index of refraction near
1.51. The presence of disordered cristobalite~tridymite, demon- -
strated by X-ray diffraction, was suggested by the wedge-shaped
extinction units in the glassy matrix. The X-ray diffraction inter-
pretation is believed correct, since both cristobalite and tridymite
and disordered mixtures of the two are common products of devitrifi-
cation of siliceous volcanic glasses., Evidences of partially
crystalline order could be detected by X-ray diffraction before the
same sample was shown to be crystalline by the light microscope:

Although there were slight differences in composition and
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texture between this rock and Sample 1, the similarities of the two
rocks were such that this rock was also classified as a porphyritic
rhyolite vitrophyre.

D.3.3 Sample 3 (Boring 2.1, Depth 109.5 to 110.0 Feet)., The

sample consisted of two pieces of rock core with a total length of
2-l/h inches. Both pleces were described as having come from the

top of the core length. The rock was a dense, porphyritic, light
brownish-gray (5YR 6/1), purplish~-tinged igneous rock. The pheno-
crysts were of similar size and composition as in the other two sam-~
ples. The rock contained a few paper-thin, discontinuous, recemented
cracks running about 15 to 25 degrees to the axis of the core. No
signs of physical weathering other than a slight discoloration of

the top fracture surface were noted.

X-ray diffraction analysis of the ground rock indicated that it
was composed of plagioclase feldspar, disordered cristobalite-
tridymite, traces of quartz, possible pyroxene, and possible alkali
feldspars. The plagioclase in the phenocrysts was oligoclase, The
lines produced by tridymite-cristobalite were sharper than the corre-
sponding lines in patterns of Sample 2, indicating better crystal-
linity achieved by more complete devitrification of the glass. The
glass was more birefringent than in either of the other two samples,
having a salt-and-pepper appearance not unlike that of chert when

viewed through crossed nicols; the mean index of refraction of the
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glass was about 1.504. Even at extremely high magnification the
optical properties of the birefringent material in the glass could
not be determined with any degree of accuracy. An X-ray pattern of
the glassy material that had been hand-picked to excludé as many of
the phenocrysts as possible indicated that the glass probably con-
tained some alkali feldspar in addition to the tridymite-cristobalite.
This feldspar was probably present in the glass as cryptocrystalline
felsitic aggregates of feldspar and tridymite-cristobalite,

Iron oxide microlites were present throughout the glass. After
grinding, virtually all the glass‘was attracted by an electromagnet.

The rock was also classified as porphyritic rhyclite vitrophyre
on the basis of its mineral compositibn and texture,

D.3.4 Sample 4 (Boring 2.3, Depth 43.4 to Lh4.0 Feet). The

sample consisted of two pieces of core. One piece was about 2-1/2
inéhes long, one end being a saw cut and the other a fracture plane
approximately normal to the axis of the core. A small piece had
been broken off the core along a high—angle fracture plane (at about
80 degrees to the other fracture). The other piece was about 1—1/2
inches long, with one end formed by a saw cut and the other by a
fresh, rough fracture at about 30 to 45 degrees to the axis of the
core. The rock was unweathered.

The core consisted of a somewhat marbled, reddish-brown and

brownish-black, glassy, porphyritic rock made up of highly brecciated

ok




brownish-black porphyritic and slightly perlitic-textured volcanic
glass that had been thoroughly intruded by reddish-brown slightly
vesicular glass. The vesicles were concentrated in very thin vein-
lets of the red glass, which had intruded between the brecciated
black glass particles. The vesicles were usually elongated, and
were probably formed as the result of cracks between the brecciated
particles being incompletely filled with the molten lava before it
solidified to form the red glass., The black glass itself was similar
in composition and texture to that of Sample 1.

Phenocrysts in the rock consisted of white to tan euhedral to
subhedral plagioclase feldspar crystals measuring from about 1/16 to
1/8 inches in longest dimension, a few clear to yellowish-green
pyroxene phenocrysts, and a few corroded quartz crystals of similar
size. The glass had a vitreous luster on freshly broken surfaces.

The rock was only moderately hard, could easily be scratched
with a steel dissecting needle, was readily crushed with light
hammer blows, and small pieces could be crushed between the fingers.
Crushed fragments entirely composed of or containing black glass were
attracted by an electromagnet, whereas fragments of red glass only
were nonmagnetic.

Grain immersion mounts of the black glass indicated that it was
amorphous to the light microscope; however, the presence of many

extremely small microlites of opaque iron oxide, and of needle and
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lath-shaped cfystailites rendered the particles almost opague to
transmitted‘light. The index of refraction of the glass was near
1.500 (1.498-1.502), Grain mounts of the red glass, on the other
hand, showed that it varied from amber in small grains to deep
reddish-brown in larger, thicker grains. These grains also contained
tiny crystallites, most of which were lath- or rod-shaped; however,
very few iroﬁ-oxide microlites were seen, The red color of the
glass was undoubtedly due to the presence of ferric iron in solid
solution in the glass. The index of refraction of this glass was
slightly higher than that of the black 'glass: 1.506 versus 1.500.
Both glasses had silica contents in eéxcess of 70 percent, based on
index of refraction. The composition of the plagioclase phenocrysts,
as determined from index of refraction and other optical properties
and from X-ray diffraction, was oligoclase,

In thin section the black glass appeared as light-gray to
brownish-gfay amorphous glass in which flow structure was evidenced -
by slight color banding. The bands were composed of darker and
lighter gray glass containing many extremely small microlites
oriented essentially parallel to the banding. Perlitic texture in
the glass was exhibited by the presence of rounded perlitic cracks.
In some cases the glass in the center of the perlitic crack rings
had been plucked out during ‘the preparation of the thin section.

Cracks between ‘the brownish-gray particles were filled with the
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intrusive red glass. The contact between the brownish-gray glass and
the red glass was usually characterized by a thin yellowish zone
next to the brown glass followed by a thin, deep red zone that
graded into a lighter, reddish-yellow, locally vesicular glass that
constituted the major part of the crack filling. In some instances
the yellowish zone next to the brown glass was not present. The
zoning might possibly be due to partial melting of the surfaces of
the brecciated brown glass particles by the molten red glass.

. Figure D.1 illustrates the zoning described above. Phenocrysts
observed in the thin section consisted mainly of plagioclase feld-
spar in varying stages of alteration and corrosion, a few quartz
crystals with corroded edges, and fairly abundant pyroxene pheno-
crysts, many of which were altered in part to iron oxide. An occa-
sional spherulitic particle, probably cristobalite, was noted in the
red glass., TFigures D.1 and D.2 show the texture of the rock and
illustrate the amorphous character of the glass.

X-ray diffraction analysis of the rock indicated that it was
composed primarily of glass with minor amounts of plagioclase feld-
spar, very minor amounts of quartz and pyroxene, and possibly small
amounts of poorly crystalline cristobalite. X-ray patterns of both
the brownish-black and the red portions of the rock were characterized

by broad halcs due to amorphous glass.
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D.4 SUMMARY

Petrographic examination and X-ray diffraction analysis of
four core samples indicated that all had similar mineralogical
composition, being composed primarily of megascopic plagioclase
feldspar phenocrysts (oligoclase) gnd a few small corroded quartz
and ferroan mineral phenocrysts in rhyolitic glass groundmass.

Three of these samples were classified as porphyritic rhyolite
vitrophyre. The glass in Sample 1 was essentially amorphous, but
the glass in Samples 2 and 3 was progressively more devitrified.
The products of devitrification in the latter two samples were
disordered cristobalite-tridymite, and perhaps cristobalite-
tridymite-alkali feldspar intergrowths in the case of Sample 3.
None of the samples were physically weathered to a significant
degree, although some leaching was observed along a fracture plane
in Sample 1. The glass in.Sample 1 was softer than that in the
other two samples owing to its perlitic structure. Sample 2,
although hard and dense, was physically weak due to internal
fracturing. Sample 3 was both hard and dense and contained no
open fractures.

Petrographic examination of Sample 4 indicated that it was
an unweathered porphyritic rhyolite vitrophyre that had been
thoroughly brecciated and later recemented by intrusion of reddish-

brown rhyolite glass., Except for the fact that the rock had been
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brecciated and later intruded, Sample 4 was very similar in com-
position and texture to Sample 1, and the two types should exhibit

similar physical properties.
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Figure D.1 Sample 4, sawed surface of core cut par-
allel to axis of core. The light-colored portions

of the groundmass of the rock are composed of reddish-
brown glass that surrounds the darker glass fragments,
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A,  Photomicrograph
in plane light.

B. Photomicrograph
in cross-polarized
light.

Figure D.2 Sample 4 in thin section. Photomicrograph A in plane light
illustrates the textural features. Complex banding occurs in the red
glass just inside its contact with the brecciated brownish-black glass.
Irregular white areas are cavities. FEuhedral feldspar phenocrysts are
scattered throughout. Two fractured guartz crystals rounded by corro-
sion are seen at upper left. Photomicrograph B is the same fleld under
cross-polarized light. The amorphous character of both the red and the
dark-brown glass is verified by the almost complete extinction of the
groundmass.
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APPENDIX E

REGIONAL GEOLOGY

The rocks of south-central Idaho can be divided into mod-
erately deformed volcanics and continental sediments of Cenozoic
age and the underlying, highly deformed, sedimentary and intrusive

rocks of Mesozoic and Paleozoic age.

t
‘__J

PHYSTOGRAPHY

The ground surface in the Bruneau drainage basin slopes north-
ward from the Jarbidge Mountains (elevation 10,000 feet) for 70
miles to the Snake River (elevation 2,500 feet), with the first

10 miles on the south being steep and rugged. A sizable part of
this surface is on basalt, and in spite of subsequent faulting,
erosion, and soil development, the surface exhibits some of the
gross Teatures of volcanic terrain, particularly shield cones and
lava flows,

At four of the five areas examined and at the proposed Schooner
site, older, silicic volcanics constitute the bedrock. Resistant
hills of felsite with over 100 feet of relief characterize the
rounded terrain. Again, the topography appears to result first from
primary rock structure and second from,erosional processes (see
Chapter 3).

The widely spaced, intermittent streams that originate within
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the area have essentially a poorly developed dendritic pattern.
Small, shallow playas scattered over the plateau surface adjacent
to the West Eork Bruneau River have interrupted the development of
normal surface drainage. In contrast to the local intermittent
streams, the few widely spaced perennial streams originating to the
gouth have eroded narrow, steep-sided canyons, e.g. the canyon of
West Fork Bruneau River is about 900 feet deep and less than 1 mile

wide near the site.

E.2 STRATIGRAPHY

Pliocene-Recent rocks in the adjacent Snake River Valley are
grouped from youngest to oldest into: (1) the Snake River group
(vasalts and interbedded gravels), (2) the Idaho group (gravels,
finer grained sediments, and basalt), and (3) Idavada volcanics
(silicic welded tuff and subordinate, unwelded vitric tuff and lava
flows). South of the Snake River, these formations rise and end in
cliffs exposing the lower, more deformed Tertiary volcanics.

E.2.1 Snake River Group. The Snake River group, upper

Pleistocene in age, consists of interbedded basalt and gravel
largely confined to the center of the Snake River structural
depression, Component formations have been studied in the Snake
River Canyon near Hagerman where 8 units (Reference L) with a total
thickness of 550 feet are exposed.

E.2.2 TIdaho Group. The Idaho group, middle Pliocene in age,
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has been described in Reference 4 in typical exposures along the
Snake River. Drilling near Glenns Ferry indicated a thickness of
3,000 feet, but because this section has probably been deposited in
a subsiding basin roughly outlined by the present Snake River Valley,
the group can be expected to thin southward.

Formations consist of clastic beds and intercalated baéalt
flows., The clastics generally range from sand to clay, but they
include sorme gravel, volcanic ash, and diatomite, Although the
heds are consolidated, they are generally not lithified, and mas-
sive beds several hundred feet thick commonly erode to badlands
topography. Seven formations in the Snake River Valley are dis-
tinguished in Reference L,

Basalt flows occur in two formations. The lower of these
formations, the Banbury basalt, crops out at or near the- surface
on ruch of the plateau that includes the five areas of principal
interest in this report. However, at four of the areas, the
Bantury and younger basalts are missing.

The Banbury basalt, in the type section on the Snake River,
is divisible into three parts. The lowest part consists of at
least LOO fe~t of greatly decomposed olivine basalt that usually
occurs as armygdaloidal flows about 15 feet thick, although some
columnnar flows are about 30 feet thick. The middle part, about

100 feet thick, consists mainly of brownish sand and pebble gravel
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in lenticular stream deposits, but includes some light-colored clay,
silt, and diatomite in lake deposits as well as beds of siliceocus
volcanic ash. The upper part of the Banbury basalt, in places 500
feet thick, is composed mainly of olivine basalt in columnar lava
flows as much as 50 feet thick. Thin, lenticular beds of sand and
silt locally separate flows. The upper part, although considerably
weathered, is less decomposed than the lower part.

E.2.3 Idavada Volcanics. Somewhat more disturbed silicic

volcanics of lower Pliocene age underlie the Idaho group in much of

the region and form the dominant bedrock in four of the five areas

discussed in this report. These volcanics are named the Idavada

volcanics (Reference 4) and occur both north and south of the Snake

River Valley. Chemical analyses (Reference 6) suggest that they are
—- \

rhyolites or quartz latites.

E.2.4 Older Tertiary Formations. Below the Idavada volcanics,

rhyolitic rocks of middle or early Tertiary age may be expected.

Based on the stratigraphic sequence in the Jarbidge Mountains

(Reference 7), these earlier Tertiary rocks probably consist of
numerous flows including units regarded as ignimbrites or welded
tuffs. Individual flows may range from thirty to several hundred
feet in thickness. Although flows dip only gently, they tend to
rise toward higher elevations as though the Jarbidge Mountains

occupy a structural dome.
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E.2.5 Mesozoic and Paleozoic Formations. Pre-Tertiary rocks

can be considered together as the basement because they are distinct
in structure and lithology from Cenozoic formations. The nearest
exposure of pre-Tertiary rocks is near Jarbidge, over 30 miles to
the south. A single piece of dense limestone found loose on a
felsite knob, 2,000 feet southwest of the Pre-Schooner II site, is
interpreted to be a xenolith of wall rock plucked at depth from the
conduit of the vént from which the lava issued. Other rocks that
can be expected to underlie the Cenozoic deposits are quartzites,

feldspathic sandstones, metavolcanics, and granitoid intrusives.

E.3 STRUCTURAL GEOLOGY

Regional deformation becomes more conspicuous with age of the
formations. With due consideration for initial (depositional) dips,
an increase in tectonically induced dips can be expected from less
than 1 degree in the Snake River Valley to 15 degrees or more in the
older rhyolite complexes to north and south. Most of the dips in
the Bruneau River basin (Figure 1.1) are toward the north, and the
Tormations above the Miocene units are parts of a gentle homocline.
Formations are known to steepen, locally, in monoclinal flexures
adjacent to the Snake River Valley in disappearing beneath younger
formations,

Some of the monoclinal flexing has probably taken place over

faults that are believed to bound the valley. West-northwest
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topographic linears shown on the Twin Falls 1:250,000 map and photo-
graph index in the Sailor Creek aerial gunnery range are at least
partly a consequence of faulting such as has been found on Bruneau
River near Hot Spring (Reference 8) and as shown in Reference 9. A
west-northwest trend is also prominent to the west among faults at
Silver City and Delamar south of the edge of the valley. Surpris-
ingly little of the west-northwest trend is evident as faults or
joints in the area surrounding the test site.

A second set of linears consisting of fault and/or dike traces
arranged en echelon trends north-northwest across the area parallel
to the East Fork Bruneau River. This trend, which encompasses the
principal strikes in veins of the Jarbidge district, possibly
governed the locus of extrusive centers there (see Reference 7).
These linears may have controlled the localization of the group of
shield volcanoes aligned north-northwest 6 miles east of the Pre-
Schooner IT site. A third,'conspicuous, localized zone of linears
trends south 70 degrees west from Sailor Creek, about 25 miles east-
northeast of the Pre-Schooner II site, to Clover Flat Ranch about
11 miles east of the site. The zone is thus 14 miles long and 2 to
3 miles wide. Less distinct extensions of the structures continue
across the basalt terrain just east of the test site on strikes of
about east-west. Presumably, a few of these east-west structures

reach the immediate vicinity of the test site, though none

109




were recognized there in ticld work.

The increasing degree of deformation with increasing age of
the formations is a consequence of the accumulation of effects of
each period of orogenic activity. Formations of Paleozoic age,
having experienced orogenies in the Paleozoic and Middle Mesozoic
and during all subsequent periods of deformation, are generally

Tfolded and faulted extensively and locally intruded by igneous

rocks,
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